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BBenenue

AKTYyaJIbHOCTB y4eOHOM muciuminHbl «PH3nKa HAHOCHUCTEM» 00YyCIIOBIICHa HEOOXOANMOCTEIO
dopmupoBanus y Oyaymux OaxajaaBpoOB TEOPETHKO-METOJOIOTHYECKUX KOMITETEHIMH, MPaKTHIECKUX
YMEHHI Ha KOTOPBIX 0a3upyercs mpodeccroHanbHas IesTeIbHOCTh B pru3nke. B COBpeMEHHBIX YCIOBUAX
BaXHEHIIINUM 3JIEMEHTOM IIOATOTOBKH OaKalaBpOB B 00nacTu (U3WKH sBIseTCS (JOPMHUPOBaHWE Y HHX
CAMOCTOSITETBHOCTH W KYJIBTYpPbl HAyYHOTO MBIIUICHHS, CIIOCOOHOCTH BECTH HAy4HYI0 U
npodeccnoHanbHYI0 AEATeIbHOCTh, HABBIKOB ITOCTAHOBKM IIEJEH, 3a/1a4 IPH PEIICHHH IMPOOIEMHBIX
CUTYAaLUH.

Heabio JadopaTopHbIX padoT sBiaseTcs (GopMupoBaHme TPOo(ecCHOHATBHBIX KOMITETCHITHH
OakamaBpa mo HampaBimeHuto 03.03.02 @dwusnka, CBA3AHHBIX CO CIIOCOOHOCTHIO TIPUMEHSTH
(dyHaaMeHTaIbHbIC 3HaHUS B 00NacTH (U3MKM M MaTEeMaTHKH AJISl MMOCTAHOBKM W PEUICHUS HAYYHO-
UCCIIC/IOBATEILCKMX M TPHKIAMHBIX 3amad B CBoed mpodeccroHanbHol nesitensHocTh  (ITK-1),
CIOCOOHOCTBIO TIPOBOJAUTH IICJICHANPABICHHYI0 CHCTEMAaTHYECKyl0 paboTy B 00JacTH MPOEKTHO-
TexHonornueckoit aesterapHocTr (ITK-4), ciocoOeH uenonb30BaTh COBPEMEHHBIC IU(PPOBIE TEXHOJIOTHH,
CHEeNMAIN3UPOBAaHHOE MTPOTPaMMHOE OOecIieueHre, METOIbl UICKYCCTBEHHOT'O MHTEIUIEKTa M MAIIMHHOTO
o0yueHus B mpodeccronanbHoi nesrenbroct (I1K-5)

OcHoBHbBIE 331241 TUCUHUTLIMHBI:

- TMOJYYHTH MpeACTaBlIeHHE 00 0COOCHHOCTX (PU3NUIECKUX CBOWCTB BEIIECTBA B HAHOPA3MEPHOM
COCTOSIHUM U COBPEMEHHBIX METOaX MCCIIEIOBAHMSI CBOWCTB HAHOCUCTEM H MEPCIIEKTUBAMH [TPUMEHCHUS
TaKMX CUCTEM B TEXHHUKE OyIymIero.

B pe3ynbrare u3ydeHHs TUCIUILIMHBI Y 00y4Yaronuxcs (POPMUPYIOTCS CIIETYIONINE KOMITETSHIIHN
(B COOTBETCTBHHM C 00pa30BaTEIbHBIM CTAHAAPTOM):

[IK-1- CnocobeH npuMeHsTh (PpyHIaMEeHTalIbHbIE 3HaHUS B 001acTH (DU3MKH U MAaTEeMaTHKH JUIS
NOCTaHOBKHU W PEUICHUs] HayYHO-HCCIIeI0BATEeIbCKUX M TPUKIIAIHBIX 3a]a4 B CBOCH MPOpecCHOHATBHON
JeATeIbHOCTH

[IK-4 - CnocobeH npoOBOAMTH IEJICHANIPABICHHYI0 CHUCTEMAaTHYeCKylo paboTy B obiactu
HPOEKTHO-TEXHOJIOTHYECKOW IS TETbHOCTH

I[IK-5 - CriocoOeH HCIoIb30BaTh COBPEMEHHbBIE ITU(POBbIC TEXHOJIOTHH, CICIHATN3UPOBAHHOES
nporpaMMHoOe oOecliedeHne, METOJbl HCKYCCTBEHHOTO WHTEIUIEKTA W MAIlMHHOTO OOydYeHHs B
podeCCUOHATEHON IeATeIFHOCTH

B pesynbrate 0cBOCHUS TUCIUIUIMHBI CTYACHT JIOJDKEH:

3HATh: TEOPETUYECKUE OCHOBBI, OCHOBHbBIE MMOHATHUS U MOJIeTH (GU3UKU HAHOPA3MEPHBIX CHCTEM,
(GU3NKy TMPOIIECCOB, MPOTEKAIONINX HA «HAHOYPOBHE», U OCHOBHI (PM3UYECKUX METOJIOB HCCIICJIOBAHUS
9THX MPOIECCOB

yMETh: M3Jarath M KPUTUYECKH aHAJIM3UPOBaTh 0a30BYI0 0Omeu3nUecKyo HH(pOpMAaImo,
TIOJIb30BAThCSI TEOPETHYECKHMMH OCHOBAMH, OCHOBHBIMU MOHATUSIMH (PH3UKH HAHOCHUCTEM, PACCUHTHIBATH

napameTpbl pusndeckux 3P(EKTOB B THIIMUYHBIX HAHOCHCTEMAaX U CTPYKTypax



BJIAJICTh. METOJaMU OOpa0OTKM M aHaln3a SKCIICPUMEHTATIBHON U TEOPETHYECKON (DHU3MUCCKOM
MHQOPMAINH, METOAMH (PU3UUECKUX UCCIICTIOBAHUI HAHOCTPYKTYPHUPOBAHHBIX CUCTEM.

Lenb naHHOTO MPAKTUKyMa — OTIMCaHKE MOCIE0BATEILHOCTH, OCHOBHOTO CO/ICPKaHHMsI, METOAUKU
BBITIOJTHEHHUS JIAOOPATOPHBIX paboT Mo yueOHOMY Kypcy H (MIJIM) CaMOCTOSITENILHOM MOATOTOBKU K HUM.

JlaGopaTopHsbie pabOTHI CyLIECTBEHHO AOMONHSIOT JIEKLIMH 110 AUCHUILTHHE. B mpornecce ananmsa
Y pEelICHUs 3a/1a4 CTYJCHTHI PACLIMPSIOT U YIIIyOJSIFOT 3HAHUS, MMOMYyYCHHBIE W3 JIGKIMOHHOTO Kypca H
y4eOHUKOB, y4aTcs Iiy0ske MOHUMATh (PU3NUECKUE 3aKOHBI 1 (POPMYIIBI, pa30HpaThesl B MX 0COOCHHOCTSIX,
rpaHulax NpPUMEHEHHs, MPHOOPETalT yMEHHE MPHUMEHSTH OOIfe 3aKOHOMEPHOCTH K KOHKPETHBIM
ciydasim. B mporecce pemieHus 3aqad BeIpaOaTHIBAIOTCS HABBIKM BBIYHMCICHUH, PabOTHI CO CIPaBOYHOM
auTepatypoil, Tabimmamu. Pemenue 3a1aq He TOJIBKO CIOCOOCTBYET 3aKPEIUICHHIO 3HAHUH U TPEHHPOBKE
B IPUMEHEHHUH U3yJaeMBIX 3aKOHOB, HO ¥ ()OPMHUPYET OCOOBIN CTHIb YMCTBEHHOU ESATEIBHOCTH, OCOOBII
METO]] TTO/IX0/1a K (PM3WIECKUM sIBICHHAM. [lociennee TeCHBIM 00pa3oM CBS3aHO C METOIOJOTHI (PH3NKU
KaKk Haykd. ['OBOps O METOMOJOTHMYECKH IpobieMax Kypca (U3WKH, MBI MOAYEPKUBAIH BAKHOCTD
3HAKOMCTBA CTYACHTOB C TEM, YTO JI000H e€ pas3aen JoKeH 0a3upoBaThCS Ha OCHOBHBIX MTOCTYJIATAX, TaK
YTO BCE OCTAJILHBIC XapAaKTEPHCTHKH M3YYaeMbIX SBJICHUH B MPHHIMIIC MOTYT OBITH MOIYYEHBI U3 3THX
noctynaroB. Vxes mocrpoeHns paszenoB (GU3MKH Ha 0a3e OCHOBHBIX MOCTYJIATOB JOJDKHA HAWTH CBOE
OTpakeHHE U B COJEpKaHUU Ja0OpaTOpHBIX paboT. Kornma cTyeHTsl penraoT 3a/1auu Mo onpeaenéHHoN
TeMe, OYeHb BAXHO, YTOOBI B peE3yJbTaTe 3HAKOMCTBA C KOHKPETHBIMH 3a/ladaMH OHHU YCBOWIIH
NPUHIMITHATEHBIN MTOAX0 K O3HAHUIO JOCTATOYHO IIMPOKOTO Kiacca SBICHUH.

[Ipu BeImonHeHNH 1abopaTopHON PabOTHI CIEAYET BHITOIHSTH CIEAYIONIHNE TPaBriIa 0pOPMIICHNUS:

1. YcnoBus 3a1a4 mepenuchiBalOTCs MOTHOCTHIO 0e3 cokpameHnid. O0s3aTebHO 3aChIBACTCS
HOMED 3aJ]au¥l ¢ yKazaHueM HoMepa JIabopaTOpHOM paboTHI.

2. Tekct W rpaduKH JIODKHBI OBITH BBITIONHEHBI 0€3 MOMapOK M WchpaBiieHHd. Jlomyckaercs
odopmIIeHHE Ha KOMIIbIOTEPE.

3. Heobxonnumo ykazaTh OCHOBHBIE 3aKOHBI M ()OPMYJIbI, Ha KOTOPBIX Oa3upyeTcs pelieHne, u 1aTh
(bOpMYIMPOBKY ITHX 3aKOHOB, Pa3bsCHUB OyKBeHHbIE 0003HaueHus: Gopmyin. Ecnu npu pemeHunn 3aaaq
npumensiercs popMyna, moigydeHHast Ui YaCTHOTO Ciy4asi, He BBIPaKAIOIIash KaKoW-HUOYAb HrU3nvIecKuit
3aKOH WJIU HE SIBJIAIOIIASCS OIpeaeIeHrneM (pru3nuecKoil BeIMYMHBI, TO CIEAYeT IPUBECTH €€ BBIBO/I.

4. PexoMeHJyeTcsl clienaTh 4epTeK, 3CKU3HBI PUCYHOK WIM MOCTPOUTH TpaduK, IMOSICHSIFOIIMIA
coJep KaHue 3aa4u MM X0/ PELICHUSI.

5. Pemenust 3amay JOJDKHBI COMPOBOMKAATHCS MCUEPIBIBAIOIIMMH, HO KPAaTKHMH CIOBECHBIMU
00BSICHEHUSIMHU, PACKPBIBAIOIIMMHU (PU3HMUECKHHA CMBICT YHOTPeOIsieMbIX (POPMYIL.

6. HeoOxonumo pemuts 3agavyy B 0OIeM BHE, T.€. BEIPA3UTh HCKOMYIO BEIMYHHY B OYKBEHHBIX
0003HaYECHUAX BEIWYMH, 33JJaHHBIX B YCIIOBHH 33/1a4H I BBEJICHHBIX CAMOCTOSITENIBHO.

7. OtBer 3amaun B oOIIeM BHJE M YHCIOBOE 3HAYCHHWE MCKOMOW BEIMYMHBI C 00S3aTENbHBIM
yKa3aHHEeM pa3MepHOCTH, mpeasapsemblie cioBoM «OTBET:», 3anmuceBatoTcs OTAEIBHO HOCIIE PELICHUS.

Pemenus oTaenbHbIX 3a7a4 pa3aesisitoTcs.



8. B cnmywae ecnm 3ajmaHue Tpu TIPOBEpKE HE 3a4TEHO, CTYJEHT OO0S3aH MPEJCTaBUTh €ro Ha
MOBTOPHYIO POBEPKY, BKIIIOUMB B €r0 T€ 33a[a4M, pEIICHU KOTOPBIX OKa3aluch HeBEepHBIMU. [loBTOpHAs
paboTa npencTaBiseTcss BMECTE ¢ HE3aUuTCHHOW paboTOM.

9. CryneHT fn0iKeH OBITH TOTOB 1aTh YCTHBIE OSCHEHUS MO CYILECTBY PEILEHHUS 3a]1a4, BXOSIINX
B €r0 pacyeTHOE 3a/1aHueE.

10. Ipu HecooTBeTcTBHM OhOpMIIEHUS pabOThl yKa3aHHBIM TpeOOBaHUSAM OHA HE OyZeT 3auTeHa.
Buovl 3a0ay u naanet ux pewenus.

B nabGoparopHbIx paboTax o GU3MKe HAHOCHCTEM HUCTIONb3YIOTCS:

1) 3agaun-ynpaxxHeHHs], TOMOTAIOIINE CTYeHTaM MPHOOPECTH TBEPIbIC HABBIKM PacyETa 1 BEIYUCICHNN;
2) 3aa4u JJ1s1 IEMOHCTPAIIUH MPAKTHIESCKOTO MPHUMEHEHHUS T€X WM UHBIX 3aKOHOB;

3) 3amaun AJI 3aKPETUICHHUS ¥ KOHTPOJIS 3HAHWA;

4) mo3HaBaTEIbHBIC 3aaUH.

3amaun U 3aKPEIUICHUS U KOHTPOJIS 3HAHWU W 3aauM-yIPAXKHEHUS PACCUMTAHBI HA HCIOIL30BAHUC
TOTOBBIX 3HAHHIA, MOMYYCHHBIX M3 KHUT, JICKIUH, OT MpernoaaBatens. PeleHne Takux 3ajad OMUpaeTcsl B
OCHOBHOM Ha MEXaHW3MbI TaMATH U BHUMaHUs. OHO B H3BECTHOM CMBICTIC TIOJIC3HO U JaXKe HEOOXOIUMO.
Jlnis penieHust 331249 pacu€THOTO XapakTepa JOCTATOYHO COCTABUThH CUCTEMY YPaBHEHUI, a abIie BCE
CBOJIUTCS K MaTeMaTHIeCKUM JieiicTBusM. HekoTophle 3aiaun TpeOyroT sl pelIeHHs] TeOMETPUICSCKUX
MOCTPOCHUH U UCTIONB30BAHUS TPa(UKOB.

HecmoTps Ha pasnuune B BUAAX 3a/1a4, UX pelIeHHe MOXXHO MPOBOAUTE IO CIEAYIONIEMY OOLIeMy IJIaHy
(HEeKOTOpBIE TMYHKTHl IJJaHA MOTYT BHIMAJaTh B HEKOTOPBIX KOHKPETHBIX CIIy4asx), KOTOPBIA HaIO0
NPOJIMKTOBATH CTYJICHTAM:

1. mpoyecTh BHUMATENHHO YCIIOBHE 331a4H;

2. IOCMOTPETH, BCE JIU TEPMHUHBI B YCIOBUSX 3aJa4d U3BECTHBI M MIOHATHBI (€CIIM YTO-TO HESICHO, CIIeyeT
o0paTuThcss K  Y4eOHHMKY, TMPOCMOTPETh pEIICHHsI MPEeNbIIylHIUX 3a/a4, IIOCOBETOBATHCS C
MIpeToIaBaTesiem);

3. 3ammcaTh B COKPAIICHHOM BHJIE YCJIOBHE 3ajiauM (KOrJa BBEJCHBI CTAaHIAPTHBIC 0003HAUCHMUS, JIerye
BCIIOMUHATh  (DOPMYJNBI, CBSI3BIBAIOIIME COOTBETCTBYIOIIME BEIMYMHBI, 4YETYE BHJIHO, KaKHE
XapaKTEPUCTUKH 3aJIaHbI, BCE JIH OHH BBIPAXKEHBI B OJIHOW CHCTEME CAMHUIL U T.11.);

4. caenath 4epTéX, eCIM 3TO HEOOXOAMMO (Jienas 4epTéx, HY)KHO CTapaThCs NMPEJICTABUTh CUTYAIUIO B
HauOojee OOIIEM BHIE, HAlPUMEp, €CIM pelraeTcs 3ajada O KolieOaHWM MasTHUKA, €ro cieayeT
n300pa3uTh HE B MOJIOKEHUH PAaBHOBECHS, & OTKIOHEHHBIM);

5. IpOM3BECTH aHAIN3 33aJayH, BCKPBITh €€ (QU3NUECKUIl CMBICT (HYHO Y€TKO MOHUMATh, B YeM OyJeT
3aKIII0YAThCs pelleHHEe 33Ja4M; TaK, €ClIu TpeOyeTcs HalTH TPAeKTOPHIO ABMXKEHHS TOYKH, TO OTBETOM
JOJDKHA CIIY)KUTh 3allCh YPAaBHEHHWH KPHBOM, OMHUCHIBAIOIIEH 3Ty TPaeKTOpHWIO; Ha BOINPOC, OyAeT Ju
TPaeKTOpHsl 3aMKHYTOH JIMHUEH, CIeyeT OTBETUTD «/1a» WIH «HET» U 00BSCHHUTD, I0YEMY BBHIOpaH TaKOH
OTBET);

6. yCTaHOBUTbH, Kakue (pU3MYecKre 3aKOHBI U COOTHOIICHHS MOTYT OBITh MCIIOJIL30BAHBI TIPU PEIICHUH

JIaHHOM 334U,



7. COCTaBUTh ypaBHEHMsS, CBA3BIBAIOIIME (U3MUECKUEC BEJIWYMHBI, KOTOPBIE XapaKTEpU3YIOT
paccMaTpUBacMBbI€ SIBICHUS C KOJTUYECTBEHHONW CTOPOHBI;

8. pemnTh 3TN ypaBHEHUSI OTHOCHTEJILHO HEU3BECTHBIX BEJTMUMH, TIOIYYUTh OTBET B 001em Buae. [Ipexnae
9YeM MepeXOJUTh K YHCICHHBIM 3HA4YEHHUSM, TOJE3HO MPOBECTH aHAIU3 ITOTO PEUICHMS: OH MOMOXKET
BCKPBITh TaKH€ CBONCTBA

paccMaTpUBaeMOro SIBIEHUS, KOTOPbIE HE BUAHBI B UUCIIEHHOM OTBETE;

9. mepeBecTH KOIMMYECTBEHHBIE BEJIMYMHBI B OOMIENpHHATYIO cucTeMy enunull (CH), HailTh YnclieHHBIH
pe3yibTar;

10. mpoaHanu3UpOBATh [TOJTyYEHHBIN OTBET, BEISICHUTD KaK M3MEHSAETCS ICKOMas BETMYMHA ITPU U3MEHEHNUN
JpYyTUX BEJINYMH, (PyHKIMEH KOTOPBIX OHA SIBISETCA, UCCIEA0BATh MIPECIbHbIE CIIydaH.

[IpuBenéHHass mOCiENOBATEIbHOCTh ACUCTBUH NpPU PEIICHUHM 3aJad yCBAauWBAaeTCs CTYAECHTAMH, Kak
NPaBUIIO, B XOJI€ 3aHATHH, KOTJa OHU Ha IPaKTHKE yOexnaroTcs B e€ nenecoodpasnoctu. [loatomy B KoHIIE
3aHSTHS TIOJIE3HO TOJBECTH WTOT, CHOPMYIHPOBATh HAWIEHHBINH alTOPUTM pAaCCYXIEHUH. 3aMeTHM,
BIIPOYEM, UYTO HE BCErJa MOXKET OBITh NMPEIUIOKEH AITOPUTM perieHus 3axaqu. [Ipu ananumse 3agay Ha
ayJUTOPHBIX 3aHATHAX MIOJIE3HO BO3BpAIIAThCs K MIaHy. OTKIOHEHHE OT HEro B OOJIBIIMHCTBE CIIydaeB He
MO3BOJIAET CTYJCHTY PELIMTh 3ajady. 1orna Hy>KHO HaIlOMHUTHb €My, KaKOW 3Tall NPOIMYILEH U yKa3aTh,

YTO UMEHHO 3TO U MOCIYXHJIO NPUYNHON HEyIauH.



TEMA 1. HAHOPA3BMEPHBIE CTPYKTYPbI

B pe3ynbraTe uzyueHus TemMbl y 00ydaromuxcs GOpMHPYIOTCS CIEAYIOINE KOMIIETCHIIUU
(B COOTBETCTBUU C 00pPa30BATEIBHBIM CTAHIAPTOM):

I[IK-1 - Cnocoben mnpumeHsATh (GyHIaMEHTAJIbHBIC 3HAHUA B o0nacT (U3UKH |
MaTeMaTHKH JJISl TOCTAHOBKH M PEIICHUs] HayYHO-HCCIIE0BATEIbCKAX M MPUKIIAIHBIX 33134 B
CBOCH NMPOoQeCcCHOHATBHON IeATeILHOCTH

[1K-4 - CriocobeH MpOBOAMTH IIEJICHAIIPABICHHYIO CUCTEMAaTHYECKYI0 paboTy B o0nacTu
MPOCKTHO-TEXHOJIOTMYECKOH JIeATEIIbHOCTH

I[IK-5 - CoocobeH  HCMONB30BaTh  COBPEMEHHbIE  IU(PPOBBIE  TEXHOJOIHUH,
CHENHUATM3UPOBAHHOE MPOTPaMMHOE OOEecCIieueHre, METO/Abl HMCKYCCTBEHHOTO HWHTEIUIEKTa M

MAallIMHHOI'O O6y‘IeHI/Iﬂ B HpO(i)eCCHOHaHLHOﬁ ACATCIBbHOCTH

Bonpocs 1151 00cyx1eHust
1. HUcropust OoTKpHITHS YIIIEPOJHBIX HAHOCTPYKTYpP, OCHOBHBIE CBOMCTBA U BO3ZMOXKHbIE
IPUMEHEHUS
2. Hcropuueckue nNpeanochlIKi pa3BUTUS HaHOTexHOoruu. Kiaccuduxanus

HaHOPA3MEPHBIX CUCTEM.

TEMA 2. HAHOKJIACTEPbBI U HAHOYACTHIIbI.

B pesynbraTe n3ydenus TeMsl y o0ydaromuxcsi GOpMUPYIOTCS CIIEIYIOIINE KOMIETEHIINH
(B COOTBETCTBUU C 00pa30BaATENbHBIM CTAHIAPTOM):

IIK-1- CrnocobeH mnpuMeHSATh (QyHAaMEHTalbHble 3HAHUS B 00NAacTH (UMK U
MaTeMaTHKH ISl TIOCTAHOBKH M PEIICHUs] HAYyYHO-HCCIIE0BATEIbCKAX M MPUKIIAIHBIX 33134 B
cBoel mpoecCHOHANIbHOMN A TEIHHOCTH

I1K-4 - CriocobeH nMpoBOANTH LIE€JICHANPABICHHYIO CUCTEMAaTHUECKYI0 paboTy B 00JIacTH
MPOEKTHO-TEXHOJIOTMYECKOH 1eATEIbHOCTH

I[IK-5 - CnoocobeH  uCHoib30BaTh  COBpEMEHHBIE  LU(POBBIE  TEXHOJIOTHH,
CTEMATM3UPOBAHHOE TPOTPAMMHOE OOecrieueHre, METOAbl HMCKYCCTBEHHOTO HHTEIUIEKTa H

MAalIMHHOT'O o6yquI/151 B HpO(I)CCCHOHaHLHOﬁ ACATCIBHOCTHU

Bonpocsl 1151 00cy:Ka1eHus
1. Mertoas! uccnenoBaHus KJIaCTEPOB aTOMOB U HAHOYACTHI]

2. VYriepoJHble HAHOKJIACTEPHI: (PysIepeHsl 1 HAHOTPYOKH.



TEMA 3. KOJIVIOUJIHBIE HAHOCUCTEMBI.

B pe3ynbraTte nzyueHus temsl y o0ydaromuxcs GopMHUPYIOTCs CIEAYIOIINE KOMIIETEHIIUN
(B COOTBETCTBUU C 00pa30BATEIbHBIM CTaHIAPTOM):

[1K-1- Crmocoben mnpuMeHSATh (QyHAaMEHTaTbHbIE 3HAHUS B 00NacTH (UUKUA U
MaTEMaTUKH Ui MOCTAaHOBKU W PEIICHUs Hay4YHO-HCCIEAO0BATEIbCKUX M IMPUKIAIHBIX 3a]1a4 B
cBOEH NpoQecCuoHaIbHON 1A TeTbHOCTH

I1K-4 - CriocobeH npoBOAUTH LIE€JICHAIIPABICHHYIO CUCTEMAaTHUECKYI0 paboTy B 00JIacTH
IIPOEKTHO-TEXHOJOTUYECKON JESATENIbHOCTH

I[IK-5 - CoocobeH  HCMONB30BaTh  COBPEMEHHBIE  IU(PPOBBIE  TEXHOJOTHUH,
CHeLMaIU3UPOBAHHOE NPOrpaMMHOE OOecreueHre, METO/Abl HCKYCCTBEHHOIO HHTEJUIEKTa U

MAallIMHHOI'O O6y‘IeHI/Iﬂ B HpO(i)eCCHOHaHLHOﬁ ACATCIBbHOCTH

Bonpocsl 1151 00cy:ka1eHus
1. KomnouaHble CUCTEMBI: CYCIIEH3UU, SMYJIbCHUH, 30JIH, TIEHBI.
2. Knaccuukanus IMCepcHBIX CUCTEM, MHUIIEIUTBI, MUKPOIMYJIECHH,
3. TIpoGiiembl ceTMMEHTAIMOHHON U arperaTuBHOM ycTOMYMBOCTH. CaMOOpraHU3aIHs

JacTull B KOJIJIougax.

TEMA 4. MATHUTHBIE CBOMICTBA HAHOPA3MEPHBIX CUCTEM.

B pe3ynbraTe uzyueHus Temsl y o0ydaromuxcs GOpMUPYIOTCS CIEAYIONINE KOMIIETCHIIUN
(B COOTBETCTBUHU C OOPA30BATEIbHBIM CTAHAAPTOM):

[IK-1- CnocobeHn mnpuMeHATh (QyHIaMEHTaJbHblE 3HAHUS B o0iacTH (QU3NKU U
MaTEMaTUKH Ul MIOCTAHOBKU U PEIICHUs HAy4YHO-HCCIEAO0BATEIbCKUX M IMPHUKIAIHBIX 33134 B
cBOeH NpodeccnoHaIbHOMN e TeIbHOCTH

[TIK-4 - CriocoGeH mpoBOIUTH IEJICHANPABICHHYIO CHCTEMAaTHYECKYI0 paboTy B 00acTH

HpOGKTHO-TeXHOHOFquCKOﬁ JACATCIIBHOCTH



I[IK-5 - CpoocobeH  HCMOAB30BaTh  COBPEMEHHBICE  IMHU(POBBIE  TEXHOJIOTHH,
CIEIUAIM3UPOBAHHOE TPOrPaMMHOE OO0ECIIeUeHUE, METOAbl MCKYCCTBEHHOI'O HMHTEUICKTa U

MAaIIMHHOTO O0y4YeHHUs B IPOPECCUOHATBHON e TETLHOCTH

Bonpocs! 1u1s1 06cyxneHust
1. Marnerusm Manbix yactuil. CyneprnapamarHeTus3m, 0JJHOJJOMEHHOE COCTOSTHUE.

2. KBaHTOBOE MarHMTHOE TYHHCIIUPOBAHUE, TNTAHTCKOC MAarH€TOCOIIPOTHUBIICHUC.

TEMA 5. ®PU3NYECKHUE METO/AbI HCCJIEJOBAHUSA HAHOCTPYKTYP.

B pe3ynbraTe nzydeHus TeMbl y 00yJaromuxcs GOpMHPYIOTCS CIEAYIOMNE KOMIIETCHIINT
(B COOTBETCTBUU C 00pPa30BATEIbHBIM CTAHIAPTOM):

[IK-1- CrnocobeHn mnpuMeHATh (yHIAMEHTaIbHBIE 3HAHUS B oOsacTu (U3NKKU U
MaTeMaTHKH JJIS1 TOCTAHOBKH M PEIICHUS] HAYyYHO-HCCIIE0BATEIIbCKAX M MPUKIIAIHBIX 33134 B
cBoel mpoecCHOHANIbHOMN ACSITEIbHOCTH

I1K-4 - CriocobeH nMpoBOANTH LIE€JICHANPABICHHYIO CUCTEMAaTHUECKyI0 paboTy B 00JIacTH
HPOEKTHO-TEXHOJIOIMYECKOH 1eATEIbHOCTH

I[IK-5 - CpoocobeH  uCHONB30BAaTh  COBPEMEHHBIE  LU(POBBIE  TEXHOJOTHH,
CHENHATM3UPOBAHHOE TMPOTPaMMHOE OOecrieueHre, METO/Abl HMCKYCCTBEHHOTO WHTEIUIEKTa M

MAalIMHHOTO O6y‘IeHI/IH B HpO(i)eCCHOHaHLHOﬁ ACATCIBHOCTHU

Bonpocs! 111 06cyxneHust
1. Onrtuueckue MeTOABI HCCIEIOBAHNS HAHOCTPYKTYD.
2. PenTreHoBckas CHEKTPOCKOIUS U JUPPAKLIHS.

3. Macc-cnekTpoMeTpHsi Kak METO]T aHAJIN3a HAHOCUCTEM.

TEMA 6. HEPCIIEKTUBbI IPUMEHEHUS HAHOCTPYKTYP B MEJUIIUHE U
TEXHHUKE.



B pe3ynbraTte nzydeHus temsl y o0yqaromuxcs GOopMHUPYIOTCS CISAYIOINE KOMIETEHIIUU
(B COOTBETCTBUHU C OOPA30BATEIBHBIM CTAHIAPTOM):

[1K-1- Crmocoben mnpuMeHSATh (QyHAaMEHTaTbHbIE 3HAHUS B 00MacTH (UMUK U
MaTeMaTHKHU JJI TOCTAHOBKM M PEIIEHUs] Hay4HO-HCCIIEOBAaTEIbCKUX M MPUKIAIHBIX 33134 B
cBOEH NpoQecCuoHaIbHOMN 1S TeNbHOCTH

[1K-4 - CriocobeH nmpoBOAMTH LIEJICHANPABICHHYIO CUCTEMAaTHYECKYI0 paboTy B obiacTu
IIPOEKTHO-TEXHOJOTUYECKON JEATENIbHOCTH

I[IK-5 - CoocobeH  HCNONB30BaTh ~ COBPEMEHHbIE  LU(POBBIE  TEXHOJIOIHUHU,
CHELMaIU3UPOBAHHOE NPOrpaMMHOE OOecIeueHHe, METO/Abl HCKYCCTBEHHOIO HHTEIUIEKTa U

MaIIMHHOTO 00y4YeHHUs B IPOPECCUOHATBHON IS TETLHOCTH

Bonpocsl 1151 00cy:k1eHus
1. MarsutHble HAHOCTPYKTYPBI B TIpobiema 3anucu nadopmarin. OTHOIEKTPOHHbIE
ycTporicTBa. KBaHTOBBIM KOMIIBIOTED.

2. buomatuuku u 6MOCEHCOPHI HA OCHOBE HAaHOpa3MEpHBIX CTPYKTYyp. HanocOopka.
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Bornpocs! auisl 3alIATHI 3aJaHUH 110 J1a00PaTOPHBIM
padoram

JlabopaTopnass paGora 1. YriiepoaHble HAHOCTPYKTYPbI: (y/ljiepeHbl M HAHOTPYOKH:
HCTOPHUSI OTKPBITHSI, OCHOBHBIE CBOWCTBA H BO3MO KHbIE IIPUMEHEHHS.

1.
2.

B uem cocTouT pazinune TEPMUHOB «HAHOKJIACTEP» U «HAHOUACTULIA»?

OObsicHUTE CYIIECTBOBAHUSI «MarvyecKux 4ucea» B HaHokimacrepax? Ilepeuncnure
CTPYKTYpPHBIE MaruueCcKHe Yncia i pa3iIuyHbIX IIOTHEUIIINX YITaKOBOK aTOMOB.

KakoB MakcuManbHBIH ¥ MUHUMAJIBHBIM pa3Mep YIIIEPOIHBIX HAaHOTPYOOK? OrneHuTe
MaKCHUMaJbHBIA JUAMETP HAHOTPYOOK, MPH KOTOPOM BO3MOXKHO HAOTIOAATH OTIUYHS UX
CTPYKTYpbI OT rpadUTOBOTO CJIOSI.

[TpuBenuTe CrOCOOBI MONYYCHHUS YTIEPOAHBIX HAHOTPYOOK , YKOKUTE JOCTOMHCTBA H
HEJOCTaTKU 3TUX METOOB.

Kakwue 351eKTpOHHBIE CBOMCTBA MOT'YT MTPOSIBIISATH YTIIEPOAHBIC HAHOTPYOKH B 3aBHCUMOCTH
OT CTpoeHUs U XupaibHOCTH.? Kak MOXXHO yHpaBisTh SJIEKTPOHHBIMH CBOWCTBAMU
HaHOTPYOOK?

YKaXXuTe OCHOBHBIC HANpaBICHHS BO3MOXKHOTO  HCIIOJNIB30BAHUS  YTIIEPOIHBIX
HaHOTPYOOK?

JlaGopatopnas paGora 2. Ko/ulougHble HAHOCTPYKTYPBI: NPOOGJieMbl YCTOWYMBOCTH W
CaMOOPraHM3aluu: KiaaccuPUKALUS JUCHEPCHBIX CHCTeM, MHIELIbl, MHKPOIMYJbCHH,
YCTOHYMBOCTH KOJIJIOMJHBIX CHCTEM.

1.

2.

o w

OnumuTe BO3MOXHBIE HOJAXO/Abl K KiIaccUpUKAMM AucnepcHbIX cucreM. IlpuBenure
IIPUMEPBL.

Onumure O0COOCHHOCTH CEIMMEHTAlMOHHOW W  arperaTMBHOM YCTOMYMBOCTH B
KOJUIOHUIHBIX HAHOCUCTEMAX.

Onummre cxeMy CUHTE3a HAHOMAaTEpUAJIOB C MCIOJIb30BaHUEM MUILIEILI.

KakoBbl OCHOBHBIE TPU3HAKK KOHCEPBATUBHOM M TMCCUIIATUBHON caMOOpraHu3alun?
Yro Ttakoe MHKposMylbcuu? Kakum o00pa3oM HUX HCHONB3YIOT Ul IOJyYSHHS
HaHOYaCTHI?

[Touemy mpu MONTy4eHUH HAHOMATEPUAIOB Ba)KHO, YTOOBI OHM COCTOSUIM M3 YaCTHIl C
y3KUM pactpeneieHieM 1o pasmepam? Kakue cCymiecTBYIOT — METOIbl pa3AeieHUs
HAHOYACTHII 110 pa3MepaM? B 4eMm cocTosAT UX OrpaHUYeHus1?

Jlaboparopnas padora 3. MarHeTH3M HaHOPa3MePHBIX CTPYKTYP: cynmepnapaMarHeTHsM,
O/THOJIOMEHHOE€ COCTOsIHHEe, KBAaHTOBOE MATHHTHOE€ TYHHEJHPOBAaHWE, THTAHTCKOE
MarHeToCONnpoOTHBJIEHHE.

1.

2.

Uro ofmiero u B 4eM pa3nuyusi B NPUPOJE MarHUTHBIX CBOMCTB (eppo-, deppu- u
aHTU(eppOMarHeTUKOB?.

Ha3zoBute m oxapakTepu3yHTe€ OCHOBHBIE THIIBI MarHUTHBIX HAHOMATepUaioB. YTo
SBIISICTCSA ONpeAessIomuM (GakTopoM B (HOPMHUPOBAHMM MArHUTHBIX CBOMCTB TaKHX
CTPYKTYP.

MO>KHO JI1 OTHECTH KOMITO3UT U3 chepruueckux yactull y-Fe,03 B CTEKISTHHON MaTpuUIie K
HaHOMaTepHaliaM, eclid pa3Mep 4acTull MarHUTHOM (a3el 150 HM? OTBET NOSICHUTE.
CpaBHuTE sBIEHUS @apaMarHeTH3Ma U cyneprnapamarsetusMa. Kak u3MeHsAoTcA
CBOICTBa cymeprnapaMarHUTHBIX YacTHI[ MPH YBEJIUYEHUH XapaKTepHOTo pa3Mepa
qacTuI?

ChopmynupyiiTe TpeOoBaHHMS K HaHOMaTepHalaM, HCIIOJB3YEeMbIM B YCTPOHCTBAX
JUIUTEJILHOTO XpaHEeHUs] HHPOPMALIUH.

Kakas gopma yactuil 6bi1a ObI IPEIMOYTUTENHHOMN JUIS TTOTYYEHUS MATKUX MarHUTHBIX
MaTepUaIoB ¢ HU3KMMH SHEPreTUUYECKUMHU MTOTEPSIMU Ha IepeEMarHiyuBaHue?
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JlaGoparopHas padora 4. OnTuueckne 3pPekTbl B METANINYECKUX U MOJYNPOBOIHUKOBBIX
HAHOCTPYKTYpPaxX: KBAHTOBBIE TOUYKH, MOBEPXHOCTHBIN MJIA3MOHHBIIH pe30HaHC.
KakoBa cBsi3b MEX1y pa3MepaMu KBAaHTOBBIX TOYEK U I[BETOM MX CBEUCHHUS?
2. Onumute GU3NYECKYIO MPUPOTY TUIA3MOHHOTO PE30HAHCA B HAHOYACTHUIAX OJIarOPOTHBIX
METAaJUIOB.
3. KakoBbl OCHOBHBIC HAINPABJICHHS BO3MOXKHOTO MPUMEHEHHS PAaCTBOPOB HAHOYACTHI] C
TUIa3MOHHBIM PE30HAHCOM.
4. OnuimuTe OCHOBHBIC METOJBI TMOJYYCHHUS HAHOYACTHI], TMPOSBISIONMIUX CBOWCTBA
(OTOHHBIX KPHCTAILJIOB.
5. B xoze cunTe3a ObLIH mostyueHbl HaHowacTuilbl CAS nuamerpom 7 uM. Onpenenure HBET
pacTBOpa TaKMX KBAaHTOBBIX TOYEK.

JlaGopaTropHasi padora 5. ®u3nyeckre OCHOBbI 30H10BOIl MUKPOCKOIIUN: B3aUMO/IeiicTBHE
30HJa ¢ 00pa3l0M B KOHTAKTHON U HEKOHTAKTHOI MO/1aX, TYHHeJIbHAs MUKPOCKOIHUS.
Yem ompenensercs B3aUMOACUCTBHE 30HJA C IOBEPXHOCTBIO B  aTOMHO-CHJIOBOM
MUKPOCKOINHN?
Kakue cymecTBy0T criocoObl yBeJIMUE€HUE pa3pelieHus B aTOMHO-CHIIOBOM MUKPOCKOITUH.
Kakne MeTo1bl HCIIOIB3YIOTCS UIsl U3TOTOBJICHUS 30HI0B Ul CKAaHUPYIOIEEe TYHHEIBHOW U
aTOMHO-CHJIOBOM MUKPOCKOIIMH?
Urto Takoe MHMKPOCKONUS JaTepajibHbIX cuia? Jlas Kakux HCClIeOBaHUM OHA MOXKET
MCII0JIb30BaThCs?
Uro Takoe «kBaHTOBBIM Kopam»? Kak ckaHupyromas TyHHEJIbHas MHKPOCKOIIUS MOXET
MCIIOJIb30BAThCS JJIs UX U3Y4YECHHUA?

Jlaboparopnasi pabGora 6. IlepcneKTMBBI TNPUMEHEHHS HAHOCTPYKTYP B TeXHHKe:
MATHMUTHbIE HAHOCTPYKTYPbI M mnpoljeMa 3anucu HHPpopmanuu. OJHOIIEKTPOHHbIE
ycrpoiictBa. KBaHTOBBINi KoOMINblOTep. buHogartyukm # OHMOCEHCOPbI HAa OCHOBE
HaHOpa3MepHbIX cTpPYKTYp. HanocOopka.
1. Kakue npoGieMbl BO3HUKAIOT MPH YMEHBIICHUU pa3Mepa TPaH3UCTOPOB B JIEKTPOHUKE?
Kakwue cyiecTBytoT METO/IbI UX NMPEOJI0JICHUS?
2. Kakum TpeOoBaHMSAM JIOJKEH YAOBJIETBOPATh MaTepuall, UCHOIb3yeMbIH Ul CO3/IaHUS
MarHMTHBIX 3aIlIOMUHAIOIINX YCTPONUCTB C BBICOKOH MIIOTHOCTBIO 3aIHCH.
B 4em cocTonuT NpUHLKI TEMIIEPATYPHO-KOHTPOIUPYEMON MarHUTHOM 3anucu?
HazoBure OCHOBHBIE NPHUHLMIIBI M HOJIXOJblI, HCIOJb3YEMBbIE B MOJIEKYJISPHOU
25IeKTpoHUKE. C YeM CBS3aHbl OCHOBHBIE CIIOKHOCTH B €€ pa3BUTHH?
5. Uro mpencraBiser coOOM «KBAaHTOBBIM KoMmIbloTep»? Kakue MmarepuanoBemaueckue
MOXOJbI MOTYT HCIIOJIB30BATHCS I €r0 CO3AaHHUS.
6. Kak ncnonp3yroT noaynpoBOIHUKOBBIE HAHOYACTHIIBI [T JUATHOCTHKH 3a00JIeBaHUN?
7. B uem cocTOMT NpUHLUI BHYTpUTKaHeBOW rumeprepmun? Ha kakux ¢undeckux
MPUHIIMIIAX OHA MOXET OBbITh peain3oBaHa’?
8. Kakue mepsl mpeJoCcTOPOKHOCTH HAJ0 HCIIONB30BaTh IPU paboTe ¢ HaHOMaTepHaIamu?

~ow
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KoMmiekT pa3HOYpOBHEBBIX 32124 U 3alaHUM

1 3agaum penpoAyKTHBHOIO YPOBHA
[Touemy KoJUIOMIIHBIE PAacTBOPHI METAJUIOB, MPEICTABIAIOLIME COOONH B3BECh METAUIMUYECKUX
HAHOYACTHII, KaK MIPABUJIO, OTJIMYAIOTCS TI0 I[BETY OT rojyooro Heda, XOTs pa3Mep 4acTHUIl Mal, U
JIOJDKHO HAOJII0AThCsl PJIEEBCKOE paccesHue?

Paccuuraiite kputnueckue pasmepnl chepuueckux Hanovactuil Fe, Co, FePt, mpu koTopsix
Temrneparypa OJOKUpOBKH  (TemmepaTypa TMpH  KOTOPOM  dYacTWIla TEpPEeXOJUT B
cymnepriapaMarHuTHOE COCTOsiHME) dacTuibl Oyaer cocraBisatb MeHee 300K. KoncranTtsl
MarHUTHOKPUCTAJUIMYECKOM aHM30TPONUU YKA3aHHBIX MAaTEpPHAIOB CUUTAWTE B IEPBOM
npUOIMKEHUN PaBHBIMU KOHCTaHTaM 00BEMHBIX MaTEPHAJIOB.

W3BecTHO, uUTO MajeHbKas TpoONUYecKas siiepulla — TFeKKOH — 00JaJaeT yIuBUTEIbHOU
cnocobHOCTRIO0. OHA 6€3 0c000T0 TPyIa MOKET OeraTh HE TOIBKO 10 OTBECHBIM CTEHaM, HO U T10
notonky. Cua CLENIeHNs JIall AIIepUIB ¢ TOBEPXHOCTHIO cocTaBnser 10 H/em?.,
1) OO0bsicHUTE TPUYUHY, KOTOpas YAEPKUBAET N'€KKOHA HA OTBECHBIX IIOBEPXHOCTSIX?
2) OueHute Maccy rekKoHa, €ciid IpH Oere OH HCIOJIb3YeT TOJIBKO 3% OT «CHIIbl
cuemieHus»? Cuuraiite, 4To IIOMIAb JANKKU Aepulibl coctaBigeT 100 mm2.

2 3a1a4u PeKOHCTPYKTHBHOIO YPOBHSA
Maiikn ®apazgeil cymen pemuTh IpoOieMy MOJIy4eHHsST HAaHOYACTHUI[ 30J10Ta, B3BEIICHHBIX B
xuakoctu. [lomydyenneie um B 1845 r. 30;mM 30510Ta HE BBIKA3BIBATM HHUKAKUX IMPHU3HAKOB
(dbopMUPOBaHUS OCaJKa BILIOTH 10 CMepTH yueHoro B 1867 roxy. bonee Toro, 3tu 301m 6e3 ocanka
COXPAHWIIUCH 10 CHX MOp U IEMOHCTPUPYIOTCS B bputanckom mysee.
OueHuTe 1o TUM JaHHBIM pa3Mep HAaHOUYACTHIL 30J10Ta, mofydeHHbIX Dapaneem. BoicoTa ypoBHs
KUIKOCTH B Tpodupke Dapazes 25 cm.
Kakum xe oOpaszom ®Dapanero 0e3 HCMOIB30BAHUSI COBPEMEHHBIX CHHTETUYECKUX METOJIOB
yaJ0ch MOJYYUTh YAacTUIIBI CTONIh Majoro pasmepa? Ilouemy wactuibl B 3o0me Dapanes He
«CTUTIAIOTCS» B 00JIee KPYITHBIE arperaThi?

OcaxaieHne B3BEUICHHBIX B JKHJIKOCTH HAHOYACTHI[ MOXXET OBITh YCKOPEHO NpU TMOMOIIA
yABTPaLEHTPU(PYTUPOBAHUS.

Ha uyem ocHoBaH 3TOT cnoco6? 3a Kakoe BpeMsi MOKHO IOJIHOCTBIO OcaiuTh 30ib Dapazest B
yABTpaleHTpudyre, poTop KOoTOpoil Bpamaercs co ckopocTbio 1000 060poToB B cekyHIy?
BricoTta ypoBHS xu1KocTH B mpodupke ¢ 301eM Dapazes 25 cM.

Jlxon VYunbsm Crparr Paneil mocpeacTBOM MpOCTEHIIEr0 3KCIEPUMEHTa CyMe OLIEHUTh
JUHENHBIN pa3Mep MOJIEKYNbl. DKCIEPUMEHT Panest coctosn B cnenyromeM. Kamis onuBkoBoro
Macja oMelanach Ha MOBEPXHOCTh CIMPTAa U pacTeKanach 10 Hel ¢ 00pa3oBaHHEM OOJIBIIOrO
narHa. [locne MCHapeHMs CHMPTA OKa3aloCh, YTO IUIOIIAb TSTHA OTMBKOBOro Macia 0.2 M2,
[TockonbKy TOUHBIX MPUOOPOB IJie M3MEpEeHUs o0bema OJHOM Karu y Panmes He Obulo, OH
ycTasoBun, uTo 100 IpUMEpHO OMHAKOBBIX Kameilh Macia mioTHocThio 800 kr/m Becat 0.078 T.
Omnpenenure Mo 3TUM JAHHBIM JUTMHY MOJIEKYJIbI OJJUBKOBOTO Macia.

3 3aga4yu TBOPYECKOI0 YPOBHS
Hcnonp3yss cooTHoOLEHWE Oilepa [ BBIIYKIONO MHOTOIDAaHHUKA PACCUMTANTE YHCIIO

MATHYTOJLHUKOB B MoJiekyie dymuiepena Ceo

[TosryuuTe hopMyiy sl HIEKTPUUECKOTO COMPOTUBIIEHUS HAHOTPYOKH UCXOJSl U3 COOTHOILLIEHUS
HeonpeaeneHHocTH ['eii3endepra s sHepruu-BpeMeny u npuHimmna [laynu.
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OrneHuTe BO3MOXHOCTh CO3/aHUs KocMudeckoro audta. st storo:
@) ONIPEIEeIUTE BBHICOTY T€OCTAIIMOHAPHON OPOUTHI;
0) orpeAeNuTe NPEaeIbHYIO JJIMHY CTAILHOTO TPOCA, KOTOPBIA CMOXET BbIACPKATh CBOU
Bec (mpenen npounocty cramu 0,8 I'Ta, maotaocTh 7800 Kr/M°);
) OIpENeNINTe BO3MOXKHOCTh CO3AAaHUs TPOCa Ui KOCMUYECKOT0 JTU(Ta U3 HAHOTPYOOK
(npenen mpounoct 60 I'Tla, motHocts 1400 kr/m®). TIpu oleHKe y4THTE H3MEHEHHE
YCKOpEHUs1 CBOOOHOIO NaJICHUs C BBICOTOM.

OueHuTte, 3HEPru0 B3aUMOJEHCTBUS MEXAY MOJIEKYJIaMHM BOJbl BO JIbAY, @ TaKXKE IHEPIHIO,
KOTOPYIO HY)KHO IMOTPaTUTh, YTOObI pa3douTh 1 rpaMm Jjpaa Ha cepuyeckre HaHOYaCTHIIbI
muamerpoM 100 HM. VYjaenbHbIE TEIUIOTHI IUIABJICHUS JIbJa M MAapooOpa3oOBaHMs, a TaKkKe
KO3(QQULUHUEHT MNOBEPXHOCTHOIO  HATSKEHMs  BOAbI  CUMTaThb  W3BECTHBIMU  (HailTu
CaMOCTOSITEIIBHO).

OrneHure CKOPOCTb CTPYH BOJIBI V, HEOOXOIMMYIO JUIS TOTy4eHHs Karenb pa3mepom nopsiaka 100
uM; 10 am. (I[ToBepxHocTHOE HaTsxeHHe BOAbl G = 0.07 H/M). MOHO 11 ycablaTh 3Ty CTPYy0?
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BBE/IEHUE

CamocrositenpHas paboTa — TUlaHUpyemas yd4eOHas, ydeOHO-HCCIIeOBATEeNbCKAsg, HaydHO-
HCCIIeIoBaTeNIbCKass paboTa CTYJICHTOB, BBHINOJHSAEMAas BO BHEAYIAWTOPHOE (AyAMTOPHOE) BpeMs II0
3aaHUI0 W TPU METOANYECKOM PYKOBOJCTBE IPENOAaBaTes, HO 0e3 ero HermoCpeACTBEHHOTO YJacTUs
(TIpM 9aCTHYHOM HEMOCPEICTBEHHOM YYaCTHH IIPENOAaBaTeNs, OCTABISIOMIEM BEIyIIyIO POJIb 32 pabOTOi
CTYJIIeHTA).

CamocrosTenbHas paboTa CTyIeHTa SBIAETCS BaKHBIM BUIOM YUIeOHON M HAYYHOH IeATeTbHOCTH
crynenra. PenepaabHBIM TOCYIAPCTBEHHBIM 00pa30BaTENbHBIM CTAHIAPTOM IPELyCMaTPHBACTCS
3HAYMTENBHBIA 00BEM BPEMEHHU M3 O0IIEH TPYyJOEMKOCTH JUCLUMUILUIMHBI HA CAaMOCTOSTEIbHYIO padoTy. B
CBsI3U C OTHM, 06yqu1/Ie BKJIIOYAET B cels ABC, MPAKTUYCCKU OAMHAKOBLIC 10 06'LCMy 1 B3aUMOBJIUAHUIO
YacTH — Ipoliecca 00y4eHus 1 mpoliecca camoo0ydenust. [loaromy camocTosiTenbHas paboTa I0JKHA CTaTh
3¢ QeKTUBHOI U IeIeHaIIPaBICHHON pabOTOM CTyIeHTa.

KoHuenmueld MoaepHHM3allMl POCCHHCKOIO 0O0pa30BaHUS ONpENEieHbl OCHOBHBIC 3a/add
npodecCHOHANTLHOTO 00pa30BaHusl — MOATOTOBKA KBATH(DUIUPOBAHHOTO PaOOTHUKA COOTBETCTBYIOIIETO
YPOBHA ¥ TpOQHis, KOHKYPEHTOCIOCOOHOTO HAa pBIHKE TpPYyHAa, KOMIIETEHTHOT'O, OTBETCTBEHHOIO,
CBOOOJHO BJIAJICIONIETO CBOCH IMpodeccreil 1 OpUEeHTUPOBAHHOTO B CMEXKHBIX 00JACTSX NESATEIHHOCTH,
crocoOHoro K 3(h¢eKTUBHOI paboTe MO CHEeNUANLHOCTH Ha YPOBHE MUPOBBIX CTaHAApPTOB, TOTOBOTO K
MOCTOSTHHOMY TTPO(heCCHOHATBFHOMY POCTY, CONUAIBHON U MPOo(hecCHOHATPHON MOOMITEHOCTH.

Pemenne 3TuX 3a71a4 HEBO3MOXHO O€3 MOBBIIICHUS PO CAMOCTOSITENIHOM PabOThI CTY/ICHTOB
HaJ Y4eOHBIM MaTepHaJIOM, YCHJICHHS OTBETCTBEHHOCTH IIpENoOjaBaTelell 3a pa3BUTHE HABBIKOB
CaMOCTOSITETIBHOW pPabOTHI, 32 CTHUMYJIHPOBaHHE NPOPECCHOHATIBHOIO POCTa CTYAEHTOB, BOCIHHTaHHE
TBOPYECKOH aKTMBHOCTH M MHUIIMATHBBI.

CamocrosTenbHasi pabOTa CTyIeHTa MpEeANojaraeT, NpEeKAe BCEro, €ro HaydHo-
UCCIIEIOBATENIECKYIO M TIPAKTUYECKYIO JIESTENbHOCTD, MOCKOJIBKY HMMEHHO 3TH BHJBI y4eOHOH paboTHI B
HEPBYIO OYepeab TOTOBAT K CaMOCTOSITEIFHOMY BBIOJHEHHIO NpodeccHoHaNbHBIX 331a4. KoHeuHo#
HETbI0  CAMOCTOSTENBHOW PalOTHl  SBJISETCS OpraHU3alus CaMOCTOSTEIBHOW ITO3HABATEIbHON
JACATCIBHOCTH, q)OpMHpOBaHI/Ie YMEHHA CaMOCTOATCIIBHO aHaJIu3UupoOBaTh I/IH(i)OpMaHI/IIO, BBIICIATH
TJIaBHOE M BTOPOCTENIEHHOE.

OcHOBHBIMH  (hOpMaMU  CaMOCTOSITEJIbHOW pabOThl CTYIEHTOB MO JucHMILIinHe «®Dusnka
HAHOCHCTEM SIBIISTFOTCSL:

— IMOATOTOBKA K J1abopaTtopHoi pabore;

— CaMOCTOSITEJIbHOE U3YyUCHUE JTUTEPATYPHI.

JladopaTopHass padoTra — oOCyXacHHE TPOOJIEMBI, TEeMBI IO 3apaHee 3alaHHON CTPYKType
(Bompocam) ¢ IpeBapUTEIbHBIM YIITYOJCHHOW CaMOCTOSTEIbHOM MpopaboTkol Marepuana. CeMHHApHI

IIOMOT'ar0T OBJIAJICTh HOHHTHﬁHO-TepMI/IHOHOFI/IT-IeCKI/IM arrapaTrom, CBO60]1HO OonepupoBaTb UM, IOHUMATh
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MMPAKTHYECKOC IIPUIIOKECHUEC TCOPUH, IIPUBUBAIOT HABBIKM CaMOCTOATCIBHOI'O MBIIIJICHUSA, YCTHOI'O
BBICTYILJICHUS.

B PE3YIbTATC U3YUCHUA JUCHUIIIIUHBIL Y 06yano1111/Ixc;1 q)OpMI/IpyIOTCH CJICOAYIOINE KOMIICTCHIINN
(B COOTBETCTBUU C 00pPA30BATEILHBIM CTAHIAPTOM):

IIK-1 - Cnocoben mnpuMeHsATh (GyHAAMEHTAIbHBIE 3HAHUS B 001acTH (GU3UKA U
MaTeMaTHKH JJISl TOCTAHOBKH M PEIIEeHUs] HayYHO-HCCIIE0BATEIIbCKAX M MPUKIIAIHBIX 33134 B
CBOEH1 MpodecCHOHATBHOI eI TEIbHOCTH

[1K-4 - CriocoOeH mpoBOANTH IENICHANIPABICHHYIO CHCTEMAaTHIeCKyI0 paboTy B 0biIacTu
IPOEKTHO-TEXHOJIOTUYECKOH IeATEIIbHOCTH

I[IK-5 - CoocobeH  HCIONB30BaTh  COBPEMEHHbIE  IU(POBBIE  TEXHOJOIHUH,
CIeIUATM3UPOBaHHOE IPOrpaMMHOE OOecredeHne, METOJbl HMCKYCCTBEHHOTO HWHTEIICKTa |

MAallIMHHOI'O O6y‘IeHI/Iﬂ B HpO(i)eCCHOHaHLHOﬁ ACATCIBbHOCTH

Bomnpocs! 1151 codeceioBanust

Bomnpocs! 11 npoBepkH ypoBHs 00y4€HHOCTH

ba3oBblii ypoBeHb
Pasznen 1. MeToabl uccjieloBaHMii HAHOCTPYKTYP.
HcTopus pa3BUTHS HCCIEI0BaHUN HaHOPa3MEpHbIX CTPYKTyp. McTopus oOHapyxeHus
¢byniepeHoB.
[TepcrieKTHBBI IPUMEHEHNS HAHOTPYOOK B TEXHUKE OYyTYILErO.
[TpumeHeHne MeccOay’IpOBCKON CIIEKTPOCKOIUH [T UCCIIE0BAaHMSI KJIACTEPOB aTOMOB.
[IpyMeHeHre MarHUTHBIX HAHOYACTHIL B YCTPOMCTBAX XpaHEHUSI HHPOPMAIIUH.
[TpuMeHeHre MarHUTO-CUIIOBOTO MUKPOCKOTIA JUIsl UCCIIEI0BAHUS MATHUTHBIX HAHOCTPYKTYP.
PaccestHue cBera kak METOJ HCCIEA0OBaHUS HAHOYACTHIL.

Paznen 2. ®uznueckue 3p¢ekThl B HAHOPA3ZMEPHBIX CHCTEMAX.
HanopoOoThI: pealbHOCTh U BBIMBICEIL.

KBaHTOBbIE KOMITBIOTEPBHI.

buonaTunku n GMOCEHCOPHI Ha OCHOBE HAHOYACTHUI] U HAHOCTPYKTYDP.

IIpoaBUHYTHIN YPOBEHD
Pazgea 1. Metoabl uccie10BaHUd HAHOCTPYKTYP.
@DoTOHHAs KOPPEIALNOHHAS CIIEKTPOCKOIIHS.
MeTopl CHHTE3a HAHOTPYOOK.

Paspnen 2. ®usuyeckne 3pPpeKTsl B HAHOPA3MEPHBIX CHCTEMAX.
OnTuyeckue CBOMCTBa HAHOYACTHIL 30J10Ta U cepeOpa. I1na3zmMonHsbIi pesonanc. [lepcnekTHBBI

PUMEHEHUS HAHOCTPYKTYp B OMOJIOTHU U MenulHe. KBaHTOBbIE HAHOCTPYKTYPBI: SIMBI,
KOJIOJLIBI, TOYKH.

1. Kpurepuu onieHUBaHUS KOMIETEHIH I
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OneHkKa «OTJHYHO» BBICTABIISIETCS, €CJIU CTYACHT IPOIEMOHCTPUPOBAI BBICOKOE YMEHHE
IPUMEHSATH [TOJyYCHHbIE 3HAHUS Ha IPAKTUKE Yepe3 pelleHne KOHKPETHOH 3a/1a4ui [0 U3YYEHUIO
(U3UKK HAHCTPYKTYP, CBOOOTHO 6€3 3aTpyIHEHHUH CIIpaBUIICS C MIOCTABICHHOM 3a1aueii, moka3an
BJIaJICHHE PA3HOCTOPOHHUMHU IIPUEMaMM U HaBBIKAMH €€ BBIIIOJIHEHMsI, HE JOIYCTUI OIIMOOK U
HETOYHOCTEH;

OneHka «XOpomIO» BBICTABISETCS, €CIM CTYIEHT HPOAEMOHCTPUPOBAT yMEHHE
IPUMEHSATH MTOJyYSHHbIE 3HAHUS Ha MPAKTHUKE Yepe3 pelIeHrne KOHKPETHOH 3a/1a4i 10 N3YYEHHUIO
(U3UKN HAHOCTPYKTYP, CIIPABUJIICS C IIOCTABJICHHOM 3a/1a4yeid, I0Ka3aB BIaJJeHUE HEOOXOIUMBIMU
preMaMH U HaBBIKaMU €€ BBIITOJHEHHS, IPU 3TOM JIOITyCTHII HEe OoJiee OTHOM OIMOKH;

OneHka «yAOBJIETBOPUTEJIbHO» BBICTABISETCS, €CIM CTYACHT MPOJEMOHCTPUPOBAI
MNOCPCACTBCHHOC YMCHUC IIPUMCHATH IIOJYYCHHBIC 3HAHWA Ha IIPAKTUKC 4YCpC3 PCIICHHUC
KOHKPETHOM 3a/lauM M0 U3Y4EHUI0 (PU3UKH HAHOCTPYTYp, C TPYAOM CIPABUIICA C IOCTaBIEHHON
3a/1auei, Ipu 3TOM JIOIYCTUII HEe OoJiee IBYX OLINOOK;

Ounenka «HeyI0BJIeTBOPUTEILHO» BBICTaBJIsICTCS, eciu CTYACHT HE
HPOJEMOHCTPUPOBAT YMEHHE IPUMEHATH IIONYYECHHBIE 3HAHWSA Ha IPAKTUKE 4Yepe3 peIlICHUE
KOHKPETHOM 3a/1a4M, HE CIIPABUJICS C IOCTaBJIEHHON 3a1a4eil WK IOIYCTUJI IIPH €€ PELICHUH TPU
u 6oJiee cepbe3HBIC OIMNOKH.

3. Meroanueckne MaTepHajibl, OMNpeaesiiole TpPoleIypbl OIEeHWBAHUA 3HAHUI,
YMEHHUH, HABBIKOB M (MJIM) ONbBITA JIeSITeJIbHOCTH, XapaAKTepU3yHIMX 3Tanbl (GopMupoBaHus
KOMIIeTeHIN I

[Ipouienypa mpoBeAeHHs JAHHOTO OLIEHOYHOT'O MEPONPHSATHSI BKIIFOUAET B Ce0s YCTHBII OTBET
CTyZIEHTa 0 BOIIPOCaM COOECEIOBAHMSI.

IIpemnaraemple CTyIEHTY 3a1aHUS TIO3BOJISIIOT IIPOBEPUTH KOMIIETEHIIMU
N-1nk.1 criocoOeH OLeHUTh aKTyallbHOCTD PelIaeMo 3a/1adi Ha OCHOBE aHAIIN3a HAYYHOHW JTINTEPaTyphl U

WH(POPMAITMOHHBIX MaTEPHAJIOB 110 TEMATHUKE MCCIIETOBAHIS.

NN-2nk.1 Wcmionb3yeT 3HaHUS B OOJIACTH (yHIAMEHTATbHOW W MPHUKIATHOW (PU3UKK IS pa3paboTKU
METO/IOB HaXOXKJICHUsI PELICHUSI TOCTABICHHBIX TPO(ECCHOHATBHBIX 3a/a4.

NJ-3nk1 crocoOeH ajeKBaTHO MPUMEHUTh MAaTEMAaTHYCCKUN HHCTPYMEHTApU NPH (OPMYITHPOBKE
MOJIETUPYIOIUX (PUIUUECKHHA TPOIIECC YPABHEHHH.

N -4nk-1 BIameeT METOMOJIOTHEH TEOPETHUECKOro, MaTeMaTHUYECKOTO W YHCIEHHOTO MOJICIHPOBAHUS
($U3NUECKUX TPOLECCOB, OOBEKTOB W SIBICHHH C WCIOJIB30BAaHUEM KaK OOIICHPUHSTHIX METOJI0B
TEOPETHYECKOTO M MaTeMaTH4YeCKOro MOJIEIMPOBAHHUS, CTaHIAPTHBIX MAKETOB aBTOMAaTH3HMPOBAHHOTO
MIPOEKTUPOBAHUS, TaK U CAMOCTOSATENBHO CO3/JaBAEMbIX OPUTHHAIBHBIX METOJIOB U ITPOTPaMM.

WUJ-1rxs4 yMeeT NpOBOJIUTH aHAIW3 COCTOSHHS HAyYHO-TEXHHYECKOW MpoOiieMbl W (HOpMYIHPOBATH
TEXHUYECKOE 3aJIaHHe

W-2nk-4 yMeeT IpUMEHSATh METOAOJIOTHUECKHUI anmapaTt JJis peieHrs pyHIaMeHTaIBHBIX 1 TPUKIaJHBIX
3agad  QU3NKH, (GOPMYNIUpOBaTh TpeOOBaHMA K (QHU3MYECKHM XapaKTEPHCTHKaM pa3padaThIBaeMbIX
BOIIPOCOB, a TAKXKE IMPOBECTU OTOOP MPOPECCHOHAIBHOTO JIA00PAaTOPHOTO 000PYI0BaHUS, HEOOXOIUMOTO
JUTSL OCYIIECTBIIEHUS MPOSKTHOM JEATENBHOCTH.

WU-3nk-4 yMeeT BBICTPOMTH CTPATETHIO IOCTIKEHHS IMOCTaBJICHHBIX LENeH, IUKNa XU3HA MPOEKTa,
BO3HUKAIOIIUE PUCKH.

WU-1lnks opueHTHUpYETCS B COBPEMEHHBIX TEHACHIMAX Pa3BUTUS LHU(POBBIX TEXHOJOTHH, BBIOMpaeT

TCXHOJIOTMH HUJIU NPOTpaMMHBIC CPEACTBA JI1 PCILICHUS TOCTABJICHHBIX 3a/1a4
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U-2nks ymeer o0OpabaThiBaTh W aHATM3UPOBATH IMONYYCHHBIC JAHHBIE C ITIOMOIIBI0O COBPEMEHHBIX
WH(POPMAITMOHHBIX TEXHOJIOTHIA,

N-3rks 006IaiaeT roTOBHOCTBIO K YYacTHIO B TIOATOTOBKE MPOEKTHOM AOKYMEHTALMH, B TOM YHCIE C
HCIIOJIb30BAaHUEM CPEJICTB aBTOMATHU3UPOBAHHOTO MPOCKTUPOBAHUS M BBIUMCIUTEIBHBIX MPOTPAMMHBIX
KOMITJIEKCOB, COBPEMEHHOI'O MPOTPAMMHOTO OOECTEUYeHHUs, B TOM YHCJIE TEKCTOBBIX DPEAAKTOPOB M
rpaduuecKux mporpamm;

N -4rx-5 BIageeT COBPEeMEHHBIM MPOTPaMMHBIM 00ECTICYeHHEM, B TOM YHCIIE TEKCTOBBIMU PEAaKTOPaMU
U rpad)uIecKUMH MPOTpaMMaMHU, CpeACTBAMH MOArOTOBKH 0030pOB, OT3BIBOB, OTUETOB, 3aKIIOUCHHUN

J11s1 IOATOTOBKY K JIAHHOMY OLICHOYHOMY MEPOIPHUSATHIO HEOOXOMMO TIOBTOPUTH MaTepHall
COOTBETCTBYIOIIMX JICKIHIA; BHUMATEIbHO MU3YYHUTh OMMCAHKE JTA00PaTOPHOI PabOThI, N3JI0KEHHOE B
NPaKTHKyME; OTBETHTh Ha BOIPOCHI [0 COJCPIKAHUIO J1a0OpaTOpHON paloThI, 3aJaBacMbIC
Mpero/iaBaTeyieM Ha MPeABapUTEIEHOM OIPOCE TIePE/] BHITOIHEHHUEM 3aIaHHUH.

[Ipy MOATOTOBKE K OTBETY CTYJACHTY MPEIOCTABISCTCS MPABO IMOJIb30BAHUS CIIPABOYHBIMU
TaOJIUIIAMH.

I[Tpu npoBepke 3aj1aHMsI, OLICHUBAOTCS:

- IIOCTICZIOBATEIILHOCTD U PAIMOHATIBHOCTH PAacYeTOB;

- JIOTHYHOCTh ¥ HETIPOTHBOPEYHBOCTh OTBETOB.
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IIVIAH-TPA®HK BBITIOJTHEHHA CAMOCTOATE/IBHOY PAFOTBI

Bua n1eaTeIbHOCTH
CTY/J1€HTOB

HTorosBpliii npogyKT
CaMOCTOSITeIbHOM
padoThI

CpenctBa u
TEXHOJIOTHH OI[€HKH

Bpems ciaumn

IToaroroBka kK
nabopaTopHO¥ paboTe
«Hcropust OTKpBITUS
YIIEPOIHBIX HAHOCTPYKTYD,
OCHOBHBIC CBOMCTBA 1
BO3MOJKHBIC IPUMECHCHUS

Otuer

CobecemoBanue

JlaGopaTopHas
paborta Ne 1

IToaroroBka k
nabopaTopHO¥ paboTe
«HcTopuueckue
NPEANOCHUIKN Pa3BUTHUS
HaAHOTCXHOJIOT'UH.
Knaccuduxarms
HaHOPa3MEPHBIX CUCTEM

OtueT

CobecenoBanne

JlaboparopHas
paborta Ne 2

[oaroroBka k nabopatopHoi
pabote «MeTombl
UCCIIEJOBaHMUS KJIaCTEPOB
aTOMOB U HAaHOYACTHUI»

OtueTr

CobecenoBanne

JlaGoparopHas
pabora Ne 3

[loaroroBka k 1abopaTopHOit
pabote «YriaepoaHble
HaHOKJIaCTePhI: (yIIEPEHBI
Y HAaHOTPYOKI»

OTtueT

CobecenoBanue

JlaboparopHas
pabota Ne 4

[oaroroBka k nabopatopHoi
pabote «KosmtonnHbie
CHCTEMBI: CYCIICH3HH,
AMYJIBCUH, 30JIH, TICHBI»

Otuet

CobecenoBanne

JlaboparopHas
pabota Ne 5

[NoxroroBka k 1abopaTopHOit
pabore «Knaccudpukanms
JUCTIEPCHBIX CHCTEM,
MHUIIEIUIBI, MUKPO3MYJIbCHI

OTtueTr

CobecenoBanue

JlaboparopHas
pabota Ne 6

[Moaroroska k naboparopHoi
pabote «IIpobnemsl
CeJMMEHTAIIMOHHOMN 1
arperaTuBHOM
YCTOMYHBOCTH.
CamoopraHu3amws 9acTHUIl B
KOJIJIOUIaX»

OtueTr

CobecenoBanne

JlaboparopHas
pabota Ne 7

IMoaroroBka k 1abopaTopHoi
pabore «MarHeTu3M MaJbIX
YaCTHILI.
CynepnapaMarHeTusm,
OJTHOJIOMEHHOE COCTOSTHUE)

OtueTr

CobecenoBanne

JlaGopartopHast
paborta Ne 8

IMoaroroBka k 1abopaTopHoOi
pabote «KBaHTOBOE
MarHUTHOE TyHHEJIHPOBaHHE,

OtueTr

CobecenoBanne

JlaGopartopHast
pabora Ne 9




Bua nesiTeILHOCTH
CTYA€HTOB

HToroBbiii NpoayKT
CaMOCTOSITeIbHOM
padoThI

CpeacrBa u

TEXHOJOI'iHd OLICHKHU

Bpemst cnauun

TUTAHTCKOC
Mar"a€ToCONpPOTUBIICHUEC»

[ToaroToBka k 1abopaTOpHOM
pabote «OnTrueckue
METOJIBI HCCIICIOBAHHUS
HAHOCTPYKTYP»

Otuer

CobecemoBanue

JlaGopaTopHas
pabota Ne 10

[ToaroToBka k mabopaTOpHOM
pabote «PeHTreHoBCKas
CICKTPOCKOIHS U

T paKIIHsH

Otuer

CobOecemoBanue

JlaGopaTopHas
pabora Ne 11

[Moaroroska k nabopatopHoi
pabore «Macc-
CIIEKTPOMETPHS KaK METO.
aHaJM3a HAaHOCHCTEM)

OtueTr

CobecenoBanne

JlaboparopHast
pabota Ne 12

[oaroroska k nabopatopHoi
pabote «MarHuTHbBIE
HAaHOCTPYKTYPHI U IPoOIIeMa
3armrucy MHPOPMAIIHH.
OIHO3JEKTPOHHBIE
ycTpoiicTBa. KBaHTOBEII
KOMITBIOTEP

Otuet

CobecenoBanne

JlaboparopHast
pabora Ne 13

[Moaroroska k nabopatopHoi
pabore «bnogarunku u
OMOCEHCOPHI HAa OCHOBE
HAHOPa3MEPHBIX CTPYKTYP.
Hanocbopka»

OtueTr

CobecenoBanne

JlaboparopHast
pabora Ne 14

CamocTosTeNnbHOE N3yUYEeHHE
JUTEPATYPHI

Koncnoexr

CobecenoBanne
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METOAUYECKHUE PEKOMEH/TALIUH 110 U3YYEHHUIO
TEOPETHYECKOI' O MATEPHAJIA, IIOAI' OTOBKE K JIABOPATOPHBIM
PABOTAM

IIpu moaroroBke K 1a00paTOpHBIM paboTaM HEOOXOIUMO:

® TIOBTOPUTH MaTe€pHall COOTBETCTBYOIIUX JICKITUH;

® BHUMATEJIHHO W3YYUTh ONUCAHKE Ja00PaTOPHOU PAOOTHI, U3JI0KECHHOE B IIPAKTUKYME;

® OTBETUTH Ha BOIPOCHI IO COACPKAHUIO J1IaOOPaTOPHOH paboThl, 3aJaBacMble MIperoJaBaTeieM Ha
MPEIBAPUTEIHLHOM OINPOCE TMEePE BRITIOTHCHUEM 3alaHU.
Bce nabopaTtopHbie pabOThI PEAIIONAraoT BEITIOIHEHHE 3a/IaHUH, PElIeHUE 3a1ad.

B pesynbraTe BBIIOTHEHNUS 3a1aHIH JOCTUTAIOTCS CICAYIOLINE PE3yIbTaThl 00yUeHHUS:
e  pa3BUTHE MBIIIJICHUS U TBOPUECKUX CIIOCOOHOCTEH CTYy/eHTa,
e puOOpeTEeHHE U 3aKPEIUICHHE HABBIKOB CAMOCTOATEIbHOM padoThI,
e npuOOpeTEeHHE U 3aKpEIUICHHE HABBIKOB OOPMIICHUS U COCTABICHHS MCbMEHHBIX 3a1aHHMH.

Jabopamopnasa paboma Nel «JIcTopusi OTKPBITHS YTIAEPOIHBIX HAHOCTPYKTYP, OCHOBHBIE CBOMCTBA U
BO3MO’KHBIE TPUMEHEHUS

3HaHus: 3HACT HCTOPHUIO OTKPBITHS YIJICPOIHBIX HAHOCTPYKTYP. 3HAE€T OCHOBHBIE IIOHATHS U OIPEAEICHUS
B cdepe HAHOTEXHOJOTHH W HAHOMATEpUANIOB. 3HAET TOCTOMHCTBA M HEIOCTATKH HAHOTEXHOJOTHH M
HaHOMATEpHaJOB, 3HAET OCHOBHBIC CBOICTBAa M BO3MOXKHBIC NPHMEHEHHS YIJICPOIHBIX HAHOCTPYKTYP.
3HaeT Kiaccu(UKAIHIO YIIIEPOAHBIX HAHOCTPYKTYD.

HanortexHonorun u HOBas HpoMblIUIeHHas peomouus. [lorpeOHocTh B cnenuanucTax B 00JIacTu
HaHoTexHonorui. lleaw w 3amaum aucuuiuinHbl «BBeneHue B HaHOoTexHOJIOTUHY». OOOCHOBaHUE
HEOOXOIUMOCTH UCHOJIb30BaHUS €IUHON TEPMHUHOJIOIMH U KJIaCCU(UKALMK B 00J1aCTH HAHOTEXHOJIOTHH.
MexayHapoaHble CTaHAApThl B 0o0jacTd HaHoTexHojorwid. Hambonee BakHbIe TepMHHBI B 00JacTé
HaHOTexHONOrui. Omnpenensiomuil GakTop HAHOTEXHOJOTHH, HAaHOMATepHallOB W HAHOYCTPOWCTB.
CymectByromue Kiaccupukaud OOBEKTOB, 00jacTedl 3HaHWH, WHIYCTPUH, METOAOB IONYYCHHUS K
paspsny «HaHo». Kputepuu oTHeceHMs MPOIYKIMH (TOBapOB, pabOT, YCIYyT) K KaTerOpUH «IPOAYKIUS
HaHOUHAYCTPUU.

Jlabopamopnaa paboma Ne2 «VcTopuyeckue NpeIoChUIKN Pa3BUTHs HaHOTexHONMoruu. Kiaccudukarus
HaHOPa3MEPHBIX CUCTEM»

3nannst: 3Haer HUCTOPHUIO CTAHOBJICHUA W OCHOBHBLIC HMCTOPHYCCKHE OTallbl, CBA3AHHBIC C Pa3BUTUEM
HAaHOTEXHOJIOTUHA. 3HAET OCHOBHBIE TIOHATHS U OIIPE/IENIEHNUS B c(pepe HAHOTEXHOJIOTHI M HAHOMAaTEePHAJIOB.
3HaeT JOCTOMHCTBA W HENOCTATKH HAHOTEXHOJOTM W HAHOMATepHWajoB. 3HAeT KIacCH(DHUKAIHIO
HaHOTEXHOJIOTUA U HAHOMATEPHUAJIOB.

HanoTtexHonornn u HOBasg NpoMbIIUIeHHas pesomouus. [lorpeOHocTh B crenmanucTax B 00JIacTd
HaHoTexHonorui. lleaw w 3amaum aucuuIuiMHbl «BBemeHune B HaHOTexHOJIOTHH». OOOCHOBaHUE
HEOOXOMMOCTH MCIOJIBb30BaHHUS SIUHON TEPMHUHOJIOIHH U KJIaCCH(UKALMK B 00J1aCTH HAHOTEXHOJIOTHH.
MesxayHapoiHble CTaHAapThl B 00JacTH HaHOTexHoNorwi. Hawmbonee BakHbIE TEpPMHHBI B 00JacTh
HaHOTexHONOrui. Onpenensiomuil  GakTop HAHOTEXHOJOTWH, HAaHOMATEpUallOB W HAHOYCTPOWCTB.
CymectByromue Kiaccupukanud oOBEKTOB, 00jacTedl 3HaHWH, WHIYCTPUH, METOAOB IONYYCHHUS K
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paspsny «HaHO». KpuTepuu oTHECeHHS MPOIYKINH (TOBapOB, pabOT, YCIYT) K KaTETOPHH «IPOIYKIIHS
HAHOWHIYCTPHMY.

Jlabopamopnan paboma Ne3 «MeTo bl UCCIICIOBAHUS KJIACTEPOB AaTOMOB M HAHOYACTHIDY

JeMoKkpuT U moHATHE «aToM». JlOKa3aTeabcTBO HAHOMETPHUECKOTO pa3Mepa MOJIEKYJbl caxapa A.
OviHmreiHoM. Co3laHue 3JIEeKTPOHHOro Mukpockorna. P. ®eitHman «TaM BHH3y MHOTO MeECTa».
Pazpaborka anamm3atopa »ieKTpoHHOW TpyOku. llocTpoiika mepBOro CKaHUPYIOMIETO MHKPOCKOIA.
Topografiner — npoo6pa3 30H10BOr0 MUKpockomna. Co3aHue CKaHUPYIOIIETro TYHHEIbHOTO MUKPOCKOTIA.
Beenenue tepmmHa «HaHOTexHOJoOrHs». OtTkpeiTue (ymiepena. Pa3zpaboTka aToOMHO-CHIIOBOIO
mukpockona. Kaatunesep. 3. pekcnep «Mammuusl co3ufanusy. Co3gaHue yriepoJHbIX HaHOTPYOOK.
CxkaHupyoIne 30HJO0BBIE MUKPOCKOIIBI: CKAaHUPYIOIIMHA TYHHENBHBI MHUKPOCKOIN, aTOMHBIA CHJIOBOM
Mukpockorn. Hanorepmomerp. Hanosecol. HanonuHIieT.

Jlabopamopnas paboma Ned «YTnepoaHple HAHOKIACTEPHI: (HyIUIEPEHBI 1 HAHOTPYOKM

3HaHus: 3HAeT MCTOPUIO CTAaHOBJIECHUS M OCHOBHBIC MCTOPUYECKUE 3Talbl, CBA3aHHBIE C PAa3BUTUEM
HaHOTEXHOJIOTUI. 3HaeT OCHOBHBIE TOHATHS M ONIPEAEIICHUS B cepe HAHOTEXHOJIIOTHI 1 HAHOMAaTEPHAaJIOB.
3HaeT JOCTOWHCTBA W HEJOCTATKA HAHOTEXHOJIOTH W HAaHOMATepUaNlOB. 3HAET KiacCH(UKAIHIO
HaHOTEXHOJIOTUI 1 HAHOMAaTEePHAJIOB.

HanorexHonorun M HOBasl MPOMBIILICHHAS peBojtous. [loTpeOHOCTh B cHenmaaucTax B 00JIaCTH
HaHOTeXHojJormi. Llemn W 3amadyM JUCHHMIUIMHBL «BBeneHue B HaHOTexHOJNOrum». OOOCHOBaHUE
HGO6XO[II/IMOCTI/I HCIIOJIb30BaHUA GILHHOﬁ TCPMUHOJIOTUHN U KJ'IaCCI/I(bI/IKaHI/II/I B O6J'IaCTI/I HAHOTEXHOJIOTUH.
MexnyHaponHbIe CTaHAAPTHI B 00JNACTH HaHOTexHoJorui. Hambornee BakHbIE TepMHHBI B 00JacTu
HaHOTeXHONorni. Onpenensomuil  (HakTop HAHOTEXHOJOTHA, HAHOMATEPHAJIOB M HAHOYCTPOWCTB.
CymecTByromue KiaccupuKalud OOBEKTOB, 00JacTeil 3HaHWH, WHIYCTPUH, METOJIOB MONYYECHHUS K
paspsany «HaHO». Kputepuu oTHeCeHHs MPOIYKIMH (TOBApOB, padOT, YCIYT) K KATETOPUU IIPOTYKITUSL
HaHOWHIYCTPHUI.

Jlabopamopnasn paboma No5 «KommouHbie CUCTEMBI: CYCIICH3UH, SMYJIBCHH, 30J11, IICHBD)

3HaHus: 3HACT UCTOPHUIO CTAHOBJICHUS M OCHOBHBIE HMCTOPUYECKHE 3Tallbl, CBSI3AHHBIE C PAa3BUTHEM
HAHOTEXHOJIOrUH. 3HAET OCHOBHBIE ITOHSTHUS U OIIpCaCICHUA B cq)epe HAHOTEXHOJIOTHH 1 HaHOMAaTCpHaJIOB.
3HaeT JOCTOMHCTBA W HENOCTATKM HAHOTEXHOJOTM W HAHOMATEpPHaJoB. 3HAET KIACCHU(DUKAIIIO
HAaHOTEXHOJIOTUA U HAHOMATEPHUAJIOB.

HanoTtexHonornn u HOBasg NpoMbIIUIEHHas pesomouus. [lorpeOHocTh B crenmanucTax B 00JIacTu
HaHoTexHonorui. lleau w 3amaum aucuuiuiMHbl «BBeneHune B HaHOTexHOJOTUH». OOOCHOBaHUE
HEOOXOTMMOCTH MCIOJIB30BaHHS €IUHON TEPMUHOJIOTHH U KJIACCH()UKALMH B 00JIACTH HAHOTEXHOJIOTHH.
MexayHapoHble CTaHAapThl B 00JacTd HaHoTexHoJorwid. Hambonee BakHbIE TEpMHHBI B 00JacTH
HaHOTexHONOrMi. Onpenensiomuil GakTop HAHOTEXHOJOTHH, HAHOMATEpUAllOB W HAHOYCTPOWCTB.
CymectByromue Kiaccupukanuy OOBEKTOB, 00JacTel 3HaAHWN, WHAYCTPUH, METOAOB IOMYYEHHS K
paspsiny «HaHO». Kputepun oTHeCceHUS MPOIYKIHUU (TOBApOB, pabOT, YCIYT) K KATETOPHH «IIPOTYKIIHS
HaHOWHIYCTPHN».

Jlabopamopnaa paboma No6 «Knaccudukaust JUCTIEPCHBIX CUCTEM, MULIEIUIBI, MUKPO3MYJIbCUNY
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3HaHuA: 3HAET WCTOPHUIO CTAHOBJICHHWS W OCHOBHBIE MCTOPHYECKHE ATAallbl, CBA3aHHBIE C PA3BUTHEM
HAHOTEXHOJIOTUH. 3HAET OCHOBHBIE IOHATHS H OIIPE/IeNIeHNUs B c(pepe HAaHOTEXHOJIOTHI 1 HAHOMAaTEePHAIOB.
3HaeT JOCTOMHCTBA W HEIOCTATKM HAHOTCXHOJOTMI W HAHOMATEPHAJOB. 3HACT KIACCU(DUKAIUIO
HAaHOTEXHOJIOTHH ¥ HAHOMATEePHAIIOB.

HanotexHonoruu u HOBas MPOMBINUICHHas peBotonus. [loTpeOHOCTE B crienuanuctax B 001acTu
HaHoTexHONornid. llemm w 3amaum aucnuiummHbl «BBemeHne B HaHOTexHONOTHMY». OOOCHOBaHWE
HEOOXOMMOCTH UCIIOIB30BAHUS €IUHOW TEPMHUHOJIOTUN U KJIacCU(PUKAIUU B 00JIACTH HAHOTEXHOJIOTHH.
MexnyHaponHble CTaHAAPTHI B 00JMAacTH HaHOTexHOoJormi. Hambornee BakHbIe TepMHHBI B 00jacTu
HaHOTeXHONOTHHA. Onpenensomuii  (HakTop HAHOTEXHOJOTHH, HAHOMATEePHAJOB ¥ HAHOYCTPOWCTB.
CymectByromue Kiaccuukanuu OObBEKTOB, O0JIACTeH 3HAHWH, WHAYCTPUU, METOJOB IOIYYCHUS K
paspsny «HaHO». Kputepuu oTHeceHHsS MPOIYKINH (TOBApOB, padOT, YCIYT) K KaTETOPHU IIPOIYKITUSI
HaHOUHAYCTPHUI.

Jlabopamopnasa paboma Ne? «lIpobneMbl CETUMEHTAIMOHHON W arperaTMBHOW YCTOWYMBOCTH.
Camoopranu3anysi 4acTHI B KOJUIOUJaX)

3HaHusA: 3HAeT WCTOPHUIO CTAHOBJICHHWS W OCHOBHBIE MCTOPHYECKHE DTAllbl, CBS3aHHBIE C PA3BHTHEM
HAHOTEXHOJIOTM. 3HACT OCHOBHBIC MOHATHS M OIPE/ICIICHUS B c(pepe HAHOTEXHOJIOTHI U HAaHOMAaTEePUAJIOB.
3HaeT JOCTOMHCTBA W HEIOCTATKM HAHOTCXHOJOTM W HAaHOMATEPHAJIOB. 3HAET KJIACCU(PHUKAIUIO
HAHOTEXHOJIOTHH U HAHOMATEPHAIIOB.

HanotexHonornu u HOBas MpOMBINIUIEHHas peBomoius. lloTpeOHOCTE B crienuanuctax B obnactu
HaHOTexHojJormi. llemn W 3amaum JUCHHMIUIMHBI «BBemeHue B HaHoTexHonorum». OOoCHOBaHUE
HEOOXOMMOCTH UCIOJIb30BAHUS €IUHOW TEPMHUHOJIOTUU U KIaCCU(PUKAIIUU B 00JIACTH HAHOTEXHOJIOTHH.
MexnyHaponHbIe CTaHAAPTHI B 00JNACTH HaHOTexHoJoruil. Hambornee BakHbIe TepMHHBI B 00jacTu
HaHOTexXHONOrMH. Onpenensiomuil GakTop HAHOTEXHOJOTWH, HaHOMATepHallOB W HAHOYCTPOWCTB.
CymectByromue Kiaccuukanud OOBEKTOB, O0JIACTedl 3HAHWH, WHAYCTPUU, METOJIOB IONYYEHHUS K
paspsany «HaHO». Kputepuu oTHeCeHHs MPOIYKIMH (TOBApOB, padOT, YCIYT) K KATETOPUU IIPOTYKITUSL
HaHOWHIYCTPHUI.

Jlabopamopnaa padoma Ne8 «Marnetnsm Maibix yactul. CymneprnapamarHeTus3M, OIHOJOMEHHOE
COCTOSIHUE»

3HaHusA: 3HAeT WCTOPHUIO CTAHOBJICHHUS W OCHOBHBIE MCTOPHYECKHE DTAallbl, CBS3aHHBIE C PA3BUTHEM
HAHOTEXHOJIOIM. 3HAET OCHOBHBIC MOHATHS M OIIPE/ICIICHUS B c(pepe HAHOTEXHOJIOTHI U HAHOMATEPHAJIOB.
3HaeT JOCTOMHCTBA W HEIOCTATKM HAHOTEXHOJOIMA M HAHOMATepHaaoB. 3HAeT KiacCH(HUKAIIHMIO
HAaHOTEXHOJIOTUI 1 HAHOMATEPHUAIIOB.

HanoTtexHonorun u HOBasg NpoMbIIUIEHHas pesomouus. [lorpeOHoCTh B chenmanucTax B 00JIacTd
HaHoTexHonoruil. llenm w 3amaum gucuuiuinHbel «BBenenme B HaHoTexHoJorHW». OOOCHOBaHHE
HEOOXOTUMOCTH HCIOJIB30BaHMS SIUHON TEPMHUHOJIOTHH U KJIACCH(DUKAIMK B O0JIACTH HAHOTEXHOJIOTHH.
MexayHapoHble CTaHAapThl B 00JacTd HaHoTexHoJorwid. Hambonee BakHbIE TEpMHHBI B 00JacTu
HaHOTexHONOrui. Onpenensiomuil  GakTop HAHOTEXHOJOTHWH, HAHOMATEpUAllOB W HAHOYCTPOWCTB.
CymecTByrolue KiaccupUKalud OOBEKTOB, 00JacTei 3HAHWW, WHAYCTPHU, METOAOB IONyYEHUS K
paspsny «HaHO». Kpurepun oTHeceHUs NMPOAYKUUHU (TOBApOB, PabOT, YCIYTr) K KaTETOPHUU «IIPOAYKIHS
HaHOUHAYCTPU.
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Jlabopamopnan  paboma N9  «KBaHTOBOE  MarHMTHOEC  TYHHEIUPOBAaHUE,  TUTAHTCKOE
MarHeTOCONPOTHBIICHUEH

3HaHuA: 3HACT HCTOPHIO CTAHOBJICHUS W OCHOBHBIC HWCTOPHUYECKHE DJTallbl, CBSI3aHHBIE C Pa3BHTHEM
HAHOTEXHOJIOT Ui, 3HACT OCHOBHBIC MIOHATHS M ONIPE/ICIICHUS B c(pepe HAHOTEXHOJIOTUI U HAHOMATEPUAJIOB.
3HaeT JOCTOMHCTBA W HEJOCTAaTKM HAHOTEXHOJIOTMM ¥ HAaHOMATEpUAIOB. 3HAET KIIACCH(DHUKAITUIO
HAaHOTEXHOJIOTHI 1 HAHOMAaTEPHUAIIOB.

HanortexHonorun u HOBas HpoMblUIeHHas peomouus. [lorpeOHocTh B crenuanucTax B 00JIacTé
HaHoTexHonorui. llenm w 3amaum gucuuiuinHbel «BBeneHwe B HaHoTexHoJorHW». (OOOCHOBaHHE
HEOOXOIUMOCTH UCIOJIb30BaHUS CIUHON TEPMHUHOJIOIMU U KJIACCU(UKALMK B 00JIACTH HAHOTEXHOJIOTHH.
MexayHapoaHble CTaHAapThl B 00JacTH HaHoTexHoJjormid. HamOonee BakHbIE TEpMHHBI B 00JIacTé
HaHOoTexHoNorui. Omnpenensiomuil (akTop HAHOTEXHOJOTWH, HAaHOMATepHaJOB W HAHOYCTPOWCTB.
CymectByromue Kiaaccupukaluu OOBEKTOB, 0o0jacTel 3HaHWN, WHIYCTPUM, METOAOB IOJNYyYEHHS K
paspsny «HaHO». Kpurepun oTHeceHUs TMPOAYKIUHU (TOBApOB, PabOT, YCIYT) K KATETOPHU «IIPOAYKIIHS
HaHOMHIYCTPUNY.

Jlabopamopnas paboma Nel0 «OnTryeckue METONBI HCCIEIOBAHHUS HAHOCTPYKTYP»

3HaHus: 3HACT UCTOPUIO CTAHOBJIEHUS M OCHOBHBIE HCTOPUYECKHE 3Tallbl, CBSI3aHHBIE C Pa3BUTHEM
HAHOTEXHOJIOrUH. 3HAET OCHOBHBIE ITOHSITHS U OIIpcaCICHUA B C(bepe HAHOTEXHOJIOTHH U HaHOMAaTCpHaJIOB.
3HaeT JOCTOMHCTBA W HENOCTATKH HAHOTEXHOJOTMHA W HAaHOMAaTepwaioB. 3HAeT KIacCH(DHUKAIHIO
HAaHOTEXHOJIOTUA U HAHOMAaTEPHUAJIOB.

HanorexHonornn u HoOBas mpoMmblUIeHHas pesomouus. [lorpeOHocTh B cnenuanucTax B 00JIacTa
HaHoTexHonoru. lleaw w 3amaum aucuuiuiMHbl «BBeneHue B HaHOTexHOJIOTUMY». OOOCHOBaHUE
HEOOXOIUMOCTH UCIOIb30BAaHUS €IUHON TEPMHUHOJIOIMH U KJIaCCU(UKALMK B 00JIaCTH HAHOTEXHOJIOTHH.
MesxayHapoJHble cTaHIapThl B 001acTH HaHOTeXHONOTrWi. Hambosiee BakHBIE TEPMHHBI B 001acTH
HaHOTexXHONOTWH. Omnpenensiomuil GakTop HAHOTEXHOJOTWH, HAaHOMATepHallOB W HAHOYCTPOWCTB.
CymectByromue Kiaccupukauu OOBEKTOB, 00jacTedl 3HaHWH, WHIYCTPUH, METOAOB IONYYCHHUS K
paspsny «HaHo». Kputepuu oTHeceHHs NMPOIYKIMH (TOBapOB, pabOT, YCIYT) K KaTETOPUU IIPOITYKITUSI
HaHOWHIYCTPHH».

Jlabopamopnasa paboma Nell «PeHTreHOBCKast CHEKTPOCKONNSA U TUPPAKIIISDY

3HaHusa: 3HACT WCTOPHUIO CTAHOBJICHHUS W OCHOBHBIE HMCTOPHYECKHUE OITallbl, CBI3aHHBIE C Pa3BUTHEM
HAHOTEXHOJIOTU. 3HAET OCHOBHBIC MIOHATHS 1 OIPE/IEIICHUS B c(pepe HAHOTEXHOJIOTHI U HAHOMATEPHAJIOB.
3HaeT JOCTOMHCTBA W HEIOCTATKM HAHOTEXHOJOIMH M HAHOMAaTepHuajaoB. 3HaeT KiacCH(HUKAIIHMIO
HAaHOTEXHOJOTMI 1 HAHOMATEPHUAIIOB.

HanoTrexHonmornn W HOBas MPOMBINUICHHAs] peBOoNusA. [loTpeOHOCTH B crienpainucTax B 0O0JacTH
HaHoTexHojorui. llemn W 3amaum JgUCHMIUIMHBEI «BBemeHue B HaHoTexHomorum». OO0oCHOBaHUE
HEOOXOAMMOCTH HCIIOIH30BAHUS CIMHON TEPMUHOJIOTUN W KIIacCU(UKAITMH B 00JIACTH HAHOTEXHOJIOTHA.
MexnyHapoIHbIe CTaHAAPTHI B 00JIACTH HaHOTEexXHoJorui. Hambonee BakHbIE TEPMHUHBI B 00JacTd
HaHOTeXHONorui. Onpenensomuil (HakTop HAHOTEXHOJOTHH, HAHOMATEPHAIOB M HAHOYCTPOWCTB.
CyuiectByomue Kiaccuukanud 00bEKTOB, 00JIaCTe 3HAHUH, WHAYCTPUH, METOJIOB IOJIYUYEHHUS K
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paspsny «HaHO». KpuTepuu oTHECeHHS MPOIYKINH (TOBapOB, pabOT, yCIYT) K KaTETOPHH «IPOAYKIIUS
HAHOWHIYCTPHMY.

Jabopamopnas paboma Nel2 «Macc-CIEKTPOMETPHS KaK METO/] aHAIM3a HAHOCHCTEMY

3HaHusA: 3HAeT WCTOPUIO CTAHOBJICHHWS W OCHOBHBIE MCTOPHYECKHE DTAllbl, CBSA3aHHBIE C PA3BHTHEM
HAHOTEXHOJIOTUH. 3HAET OCHOBHBIE IOHATHS H OIIPE/IEICHNUS B c(pepe HAHOTEXHOJIOTHI M HAHOMAaTEePHAJIOB.
3HaeT JOCTOMHCTBA W HEIOCTATKM HAHOTCXHOJOTM W HAHOMATEpHaloB. 3HACT KiacCH(HUKAIHIO
HAHOTEXHOJIOTHH ¥ HAHOMATEePHAIIOB.

HanoTtexHonornn u HoOBas MpoOMBIIUIEHHas peBoiouus. [lorpeOHOCTh B chenmanucTax B 00JIacTd
HaHoTexHonoruil. llenm wu 3amaun gucuuiuinHbel «BBenenue B HaHoTexHoJoruw». OOOCHOBaHHE
HEOOXOUMOCTH MCIOIB30BaHHUS CIUHON TEPMHHOJIOTHH U KIaCCH(UKAMK B 00J1aCTH HAHOTEXHOJIOTHH.
MexayHapoaHble CTaHAapThl B 0oOjacTu HaHoTexHojorui. Haubonee BakHble TepMHHBI B 00JIacTH
HaHOTeXHONorni. Onpenensomuil (HakTop HAHOTEXHOJOTHH, HAHOMATEPHAJOB ¥ HAHOYCTPOWCTB.
CymecTByromue KiaccupuKalud OOBEKTOB, 00JacTeil 3HAHWH, WHIYCTPUH, METOAOB MONYYECHHUS K
paspsany «HaHo». Kpurepun oTHeceHus NpOLyKUUHU (TOBApOB, PabOT, YCIYT) K KaTETOPHUH «IPOLYKLIUS
HAHOUHIYCTPHUU.

Jlabopamopnaa padoma Nel3 «MarHuTHble HAHOCTPYKTYpPBl M TpobjeMa 3amucu HHGOpMAIHU.
OnHO3/IeKTPOHHBIE yeTpolicTBa. KBaHTOBBIN KOMITBIOTEPY»

3nanust: 3HaeT HUCTOPpHIO CTAHOBJICHUA W OCHOBHBLIC HMCTOPHYCCKHUC OITallbl, CBA3AHHBIC C PA3BUTUCM
HAHOTEXHOJIOrUH. 3HaeT OCHOBHBIE ITOHSITHS U OIIpcacICHUA B C(bepe HAHOTEXHOJIOTHH 1 HaHOMAaTCpHaJIOB.
3HaeT JOCTOMHCTBA W HENOCTATKH HAHOTEXHOJOTMHA W HAaHOMAaTepHWaioB. 3HAeT KIacCH(DHUKAIHIO
HAaHOTEXHOJIOTUA U HAHOMATEPHUAJIOB.

HanoTtexHojornn u HOBas NpOMBIIUIEHHas peBomouus. IloTpeOHoCTs B crenmanucTax B 00JacTu
HaHoTexHonoru. lleaw w 3amaum aucuuiuiMHbl «BBeneHue B HaHOTexHOJIOTUW». OOOCHOBaHUE
HEOO0XOIMMOCTH UCIOJIb30BAaHUS €IUHON TEPMHUHOJIOIMH U KJIaCCU(UKALMK B 00JIaCTH HAHOTEXHOJIOTHH.
MesxayHapoJHble cTaHIapThl B 001acTH HaHOTexHONOrud. HamOonee BakHBIE TEPMHHBI B 00JaCTH
HaHOTexXHONOrMH. Onpenensiomuil GakTop HAHOTEXHOJOTWH, HAaHOMATepUalOB W HAHOYCTPOWCTB.
CymectByromue Kiaccupukanuu OOBEKTOB, 00jacTedl 3HAHWH, WHIYCTPUH, METOAOB IIONYUYCHUS K
paspsny «HaHO». Kpurepun oTHeceHWs! MPOIYKIUHU (TOBApOB, pabOT, YCIYr) K KaTETOPHH IIPOIYKIIUS
HaHOWHIYCTPHH».

Jlabopamopnaa paooma Neld «buomatunmkyn M OMOCEHCOPHI HA OCHOBE HAHOPAa3MEPHBIX CTPYKTYP.
Hanoc6opka»

3HaHus: 3HAET UCTOPHUIO CTAHOBJCHUS W OCHOBHBIE HMCTOPUYECKHE D3Tallbl, CBSI3aHHBIE C Pa3BUTHEM
HAHOTEXHOJIOTU. 3HAET OCHOBHBIC MIOHATHS 1 OIIPE/IEIICHUs B c(pepe HAHOTEXHOJIOTHI U HAHOMATEPHAJIOB.
3HaeT JOCTOMHCTBA W HEIOCTATKM HAHOTEXHOJOIMH M HAHOMAaTepHajaoB. 3HaeT KiacCH(HUKAIIHMIO
HaHOTEXHOJIOTUI 1 HAHOMATEPHUAIIOB.

HanotexHonoruu u HOBas MpOMBINUIEHHas peBomonus. lloTpeOHOCTh B crenmumanuctax B obiactu
HaHoTexHonoruil. llenm w 3amaum gucuuiuinHbel «BBenenue B HaHoTexHoJorHW». OOOCHOBaHHE
HEOOXOAMMOCTH UCTIOB30BAHUS €IUHOW TEPMHUHOIOTHN U KIacCU(UKAIIUN B 00JACTH HAHOTEXHOJIOTHH.
MexayHapoHble CTaHAapThl B 0o0jacTd HaHoTexHojorwid. Hambosee BakHble TEpMUHBI B 00JIacTH
HaHOTexHONOrui. Onpenensiomuil  GakTop HAHOTEXHOJOTWH, HAaHOMATepUalloB W HAHOYCTPOWCTB.
CymecTByromue KiaccupUKalud OOBEKTOB, 00JacTei 3HAHWH, WHIYCTPUH, METOJOB MONYYECHHUS K
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paspsny «HaHO». KpuTepuu oTHECeHHS MPOIYKINH (TOBapOB, pabOT, yCIYyT) K KAaTETOPHH «IIPOAYKIIUS
HAHOWHIYCTPHMY.

IIPUMEPHAS TEMATHKA PE@EPATOB JI/IA CAMOCTOATE/IbLHOH
PABOThI CTY/IEHTOB

1. bBuOHAHOTEXHOJOTHH.

2. XXunkue KpuCTaILIbL.

4. 3o0sb-TeNb TEXHOIOTHSI.

5.  KBaHTOBBIE HAHOCTPYKTYPBI: SIMBI, KOJOAUBI, TOUKH. [lepcreKkTHBEl IpUMEHEHHsT B OHOJIOTHU U
MeTUIIHE.

6. Heyrneponnsie HaHOTPYOKH.

7. Hanocdepnas nmutorpadus.

8. HaHoMamwHbL: yCTPOHCTBO U MPHUHIUI JSHCTBUSL.

9. HaHOpOoOOTHI: peaIbHOCTH W BBIMBICET.

10. YwmHbIe MaTepHabl.

11. ®oroHHBIC KPUCTAILIBI.

12. HaHOKOMMO3WUTHBIC MAaTEPUAITHI.

13. buomumeruka.

14. MeramaTepuainbl: BO3SMOKHOCTH U 00JIaCTH IPUMEHEHHS.

15. TlepcrekTBEI MPUMEHEHUSI HAHOTPYOOK B TEXHUKE OymyIIero.

16. IlpuMeHeHHE MarHUTHO-CHIJIOBOTO MUKPOCKOTIA TSI MCCIIEAOBAHUS MATHUTHBIX HAHOCTPYKTYP.
17. Ontuueckue CBOWCTBA HAHOYACTHII 30J10Ta U cepedpa. I11a3sMoOHHHBIN pe30HaHC.

18. Hcropus pa3BUTHS HCCIENOBAaHHK HAaHOpa3MEpHBIX CTPYKTyp. Mcropus oOHapyxeHHS
¢yiepeHoB.

19. Mertozpl CHHTE3a HAHOTPYOOK.

20. TIpumeneHue MeccOayIPOBCKOM CIEKTPOCKOIHH ISl HCCIIEIOBAHUS KJIACTEPOB aTOMOB.

21. PaccesHHe cBeTa KaKk METOJ MCCIECAOBAaHHS HAHOYACTHULI.

22. doToHHAs KOPPENALNOHHAS CIICKTPOCKOIIHSI.

23. KBaHTOBBIC KOMIIBIOTEPHI.

24. buonartynku 1 OMOCEHCOPHI HA OCHOBE HAHOYACTHUI] U HAHOCTPYKTYP.

IIEPEYEHB OCHOBHOMH U JIOINTOJIHUTE/ILHOH JIHTEPATYPBI,
HEOEBXOJHMOM JI/IA OCBOEHHA JTHCITHIT/IHHBI

OcHoBHas TuTEepaTypa

®octep, JI. Hanorexnonoruu. Hayka, naHoBanuu u Bo3moxunoctu / JI. @octep ; nep. A.B. XadosH. -
Mockga : PUILL "Texunocdepa", 2008. - 337 ¢. - (Mup MarepuaiioB u texnosnoruii). - ISBN 978-5-94836-
161-1 ; To ke [DnexTpoHHBIN pecypc].

URL.: http://biblioclub.ru/index.php?page=book&id=135424

JlonoJiHUTeAbHAS JIUTepaTypa

VYcnexu HaHOWH)KEHEpUH [DJEKTPOHHBIN pecypc]: BIEKTPOHMKA, MaTepHaibl, CTPYKTypbl/ JIBHUC
Jkaiinc [u gp.].— DaekTpoH. TekcToBble naHHble.— M.: TexHocdepa, 2011.— 512 ¢.— Pexum
nocryma: http:// www.iprbookshop.ru/58869.html.— DBC «IPRbooks»
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